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INTRODUCTION. 



TO THE PROSPEGTOBS, MINEBS, METALLUBG^ISTS, AND MINIKa CAPITALISTS, 
OF THE UNITED STATES OF AMEBIOA, AND THE BBITIBH GOLOIOES. 

The first and second editions of this work having been written 
for, and dedicated to you, I again take pleasure in laying this, 
carefully revised. Third Edition, before you, with the hope that 
it will obtain equally favorable approval. 

''Ko subject can be selected where a really practical book is so 
much needed as in the varied fields of mining, for the assistance 
>if those who have not been educated to this work, as more 
Laowledge of the several trades and professions is required in 
the development of mines than for any other business. 

The worst mistakes of young miners have occurred for want 
of ordinary prudence, in this unusually difficult occupation. In- 
stead of employing men with practical ability and experience, 
interloping clean-fingered theorists have been much favored, who 
having discarded real mining, from deficiency of skill in that 
department, have played recklessly with new ideas of metallurgy, 
or worked prematurely where insufficient mineral existed, and 
far too often, not only wasted your last dollar, by such haste and 
ignorance, but inflicted severe retardation to systematic mining. 

It may be loudly reiterated for everlasting advantage, that 
reduction works should not precede, but succeed, the discovery 
and exposition, by mining, of sufficiently rich arid extensive deposits 
of mineral for positive realization ofprojiis. If you have no com, 
why the mill? First obtain wheat, then grind into flour. 

Gonstfiint care should be taken lest you run into such pre^ 
liminary errors, and to greatly assist in these examinations, a 
few pages were introduced into the first edition to describe and 
explain the capabilities of the ** Prospector's Wee Pet" — an au- 
tomatic assaying machine — and because of its great value in 
testing, they are now reprinted. This apparatus was especially 
contrived for, and dedicated to. Explorers, whom I admire for 
their indomitable energy, self-sacrifice and bravery, more than 
any other class engaged in the industrial pursuits; but it will 
also ascertain the value of rock for all practical working pur- 
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poses — not stricfcly commercial — ^throughoat the departments of 
mining and metallurgy. 

Having a knowledge of all the other methods for assaying, 
and their compfrative uselessness for the mountain purposes of 
the novice, I have contrived this machine as the ever ready means 
for elevating ordinary men, after a few hours instruction, to the 
level of the expert, by any other method, for such itinerant pur- 
poses; and the whole apparatus, with tools, fluxes, calculating 
strips, weighing and calculating lever, moulds, etc., of about 
seven pounds weight, may be packed for travelling within a cube 
of five inches. As the cost for making an assay for gold, silver, 
copper or lead does not exceed ten cents, such men may actuall^;^- 
make thousands of assays which could not be'|)therwise affordel^ 
or accomplished. The single critic who wu^ fault that a fevr 
pages out of 672 had been used to describe this useful machine, 
because it was the invention of the authipr, gave it superlative 
praise in the same breath, and therefore showed an insufficient 
reason for excluding its advantages from the world. 

'* The Vest Pocket Blow-pipe," and " Little Wonder;" the 
*' Pocket Laboratory," and "Tester," have been more recently 
invented and are herein described. 

The original intention was to write a small Prospectors' 
pocket guide, with instructions for preventing such disastrous 
initial mistakes and final losses; but the work has been greatly 
extended, to embrace the whole field of mining, which with so 
many blanks around the prize, is sufficiently hazardous at best, 
to bear such unnecessary errors from insufficient examination. 
A retrospection of the past will show that hundreds of mills and 
other reduction works have been erected, as enormously expen- 
sive assaying machines, but to thus subsequently prove, what 
should have been known, that the veins were worthless. 

This work has been more especially framed for uneducated 
practicals, to benefit them and mining, by treating of such sub- 
jects and mineral combinations as will fall within their sphere of 
action, and therefore plain terms have excluded the stereotyped 
phrases of books for such men's * * living present " requirements. 

The geological chapters are somewhat speculative and written 
more for the miner, who should understand the nature of rocks 

"^ relative positions of minerals, than for conformity with what 
3een termed geological accuracy, so as to give more practical 
s of the various formations. 
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Some hard criticisms were expected, and one or two receiyed, 
for these bold innovations, but as I believed in their solid basis 
they were printed, and it is now very gratifying^ to see that ex- 
actly similar fundamental principles to my ''whimsical ideas" 
and " absurd notions'' then published, in reference to the sink- 
ing of the valleys, side compression, &c., have been since pro- 
mulgated by Mr. Eobert Mallet, F. E. S., the celebrated seis- 
mologist, and which' have been more approved by scientists 
throughout the world, than any of the old theories.* J 

See pages 70, 71, 72, etc., in First and Second Editions; pages 
85 and 86, and Foot notes at pages 115 and 118, in this Edition; 
£e%priority of idea, against a recent paper read before the Geo- 
logical Society of Jjpi^on, about hot water bringing minerals 
from great depths to deposit in the more shallow and colder sec- 
tions of veins, and even upon the surface. 

It may be here stated that up to 1869, the time the many 
theories of this book were first printed, I had only studied Sir 
Charles Lyell's geology, and therefore any novelties found herein 
were procured from independent and close observations of the 
illustrations in the voluminous folds of Nature's Free Library; 
wherein I read that " LcUeral pressure" caused by the irregular 
setUing of the earth's shell, as urged by gravitation, had formed 
the mountains by thickening the crust; the ocean beds by quicker 
subsidence, had fractured the veins, by leverage; and caused 
metamorphic effects upon sedimentary rocks and perhaps on^ 
even the mountain granites, by such inconceivably enormous 
pressure and consequent motion, friction and heat, which will also 
account for volcanic heat and force, tidal waves at the borders 
of oceans, and favor my theories for earthquakes, &c., as 
explained in Chapters I, II, III, and V. The unacknowledged 
repetitions of many of these notions by a local author on geol- 
ogy, will be sufficiently exposed by ten years difference of dates, 
as these and the many other novelties, too numerous for mention 
here, were also published in the First and Second Editions. 

Dana says, in his Geology, that the drawing down of some 
parts may have produced tension and bulged other portions of 

* Several other quotations might be giyen in support of the view that Mr. Mallet has been 
anticipated by Mr. Phillips; but the above will suffice to show that the theory is not so new 
as Mr. Mallet has supposed.— Jftnin^ Journal^ London. 

t Many other passages might be quoted to more fully establish the fact of priority (for 
Mr. PhilUps) as above, in setting f orth the "new theory" of mountain formations.— 
Mining and Scientific PretM, San Franeiaco, 



VI INTRODUCTION. 

the surface, but nothing is said of either lateral pressure and 
consequent crushing, thickening, &c., or of my several other 
theories, so esp^ially linked therewith, and the causes for and 
reasons why these astounding results have been produced. 

The chapters on the comportment peculiarities and indicative 
features of mineral veins, are derived from long observation, 
and it is hoped that they will not only afford some records of 
value to the amateur, but be interesting to^scientists and every 
class of thoughtful miners. ^- 

The section on exploration, the miner's first and most import- 
ant duty, which governs after success or ruin» has been as care- 
fully considered and safely advised. 

The chapters on the discrimination and assay of minerals hai 
been kept as free from formulae as possible, and not only con- 
tain the best of the old modes, but many novel and more avail- 
able methods for practical men, so that when the one facility is 
absent, another will be found present, to suit all the require- 
ments of the mine, the roasting furnace, the mill, the smelting 
and chloridizing works, and the mountain; whilst in that, for 
the strictly commercial purpose, the more direct, less mystified, 
and least dangerous means and fluxes have been selected.' 

The new modes for assaying gold, silver, and lead, page 208; 
the testing for the useful minerals by a direct and simple blow- 
pipe method, page 203; the Alphabetical Chapter for general 
discriminations, page 213; the several useful tables, and the 
Glossary at the end of this Volume, will supply additional helps 
to amateurs. ^ 

To favor the convenience of Prospectors, this. Volume I, the 
'' Explorers' and Assayers' Companion," will be sold as a separate 
book, of either pocket or library size, and only treat of Bocks, 
Veins, Testing and Assaying. 

Volume II, the '' Miners' and Metallurgists' Companion," will 
also be complete in itself and finish the whole work by an 
exposition of Mining and Metallurgy, which will probably 
increase the combined size to about 1,000 pages. 

Many books have been written on metallurgy, and very few on 
mining, which are but theoretical, confined to one subject, or 
more of a general, historically interesting, or statistical import, 

Lan of practical value for miners. In such works little has been 

lid of the peculiar geology of mineral-bearing rocks, or of the 

dicative features of mineralized sections, less of the under- 
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ground operations of mining, and jiotbing of tliat most impera- 
tive and effective lever, its mechanical engineering, either above, 
or below, the surface. # 

This was written to fill these blanks, to meet the requirements 
of new countries, and therefore, in many instances, entirely new 
ground has been trailed, and departments explained which have 
not been previously exposed by less practical writers. The con- 
stant aim has been to aid legitimate mining in every useful way, 
so that only the few ridally necessary and best means, methods, 
machines, and processes, have been selected; instead of giving 
more elaborate, costly and confusing, descriptions of all. 

'ip. mining and engineering the best plans of operation and 
machines have been extolled, and the most common errors of 
the past exposed as beacons for avoidance. 

In the metallurgy of this volume just sufficient has been se- 
lected from the most valuable and best established processes for 
rendering the ores of remote countries more marketable, by 
crushing, pulverizing, concentrating, roasting, milling, smelting, 
refining, chloridizing, and chemical reductions. 

The First Edition was written in eight months, during busi- 
ness hours, under most unfavorable circumstances, and having 
been printed from the original manuscript, showed signs of haste 
with many imperfections of language; the Second Edition, was 
so quickly required, that, to reduce the price of the book, many 
of the old forms of type were retained; but now, this, much en- 
larged. Third Edition has been thoroughly revised and will much 
better deserve a continuance of the public's appreciation. 

In this exposition of a life's experience, my constant aim has 
been to render the work interesting and valuable to practical men 
and capUoMsts, and if at times, in the necessary enumeration of 
past errors, the lash should be individually felt, it was really 
intended for the general benefit of miners, so that legitimate 
mining may entice more attention and obtain much more abund- 
ant success, in the future. 

Yours, respectfully, 
San Francisoo, 1878. THE AUTHOR. 
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SECTION I. 



QEOLOQY AND MINERALOGY. 



CHAPTER I 



FOBMATION OF THE EABTH FBOM ITS nOTIAL OHAOTIO STATE TO THE 
SOUDIFIOATION OF ITS PEDfTnYE SUBFAOE AKD GRANITE MOTTNTAINS. 

" In the beglimlng God crested the Heaven and the Earth. 
'* And the Earth was without form and yoid." 

€fenais, chap. 1, versea 1, 9. 

As a work on mining would be incomplete without some ob- 
servations on the general features and ages of rocks, three chap- 
ters have been introduced to describe the primitiye, the azoic, 
and paleozoic formations. 

Theory has not thus far, and probably neyer will be, of much 
direct benefit to the matter<of-fact miner, for metallic minerals, 
who reads the more tangible indicatiye records, which are un- 
folded during a life's experience, by shafts and leyels of explora- 
tion in his individual district, of mineral ground. The following 
is written with full knowledge of these facts, first, for his 
amusement; and secondly, to enable those who have not been 
favored by a long experience to know what is meant by the terms 
so frequently alluded to in this book — primitive and secondary 
rock formations from primitive elements, prior to the fossiliferous 
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mud RtratificationB of after times, which contain but compara- 
tively few of the metallic minerals in sufficient quantities to pay 
the costs for mining. 

The theory advocated by Laplace, that all matter was once in 
a gaseous state, would infer high temperature and freedom from 
pressure, with the presence of some other controlling power, un- 
known to science, to prevent the general solidification into but 
one central mass, instead of the innumerable spheres with self- 
rotations and orbitual motions, as accompanied by their satel- 
lites, they traverse through the various portions of space. 

It will be sufficient for our purpose to accept it from the 
Creator, as hurled from the sun or other source, a ponderable 
nucleus, enclosed by its adhering molten envelope, and sur- 
rounded by the nebulsB and gaseous elements which were 
collected and retained by gravitation, when tangentially pro- 
jected, to traverse in an annual orbit around the sun, at a 
distance governed by its speed, etc., whilst it would continue to 
revolve around its own axis, as it did when first projected: other 
discharges may have succeeded from similar causes, which, 
partaking of corresponding direction and force, would arrive 
within the annular orbit of the Earth, and be attracted by the 
larger body already performing its destined course, and aggre- 
gate — by the retardation and acceleration of the anterior and 
posterior particles of this nebulous ring — ^into a continually in- 
creasing mass. 

After billions of years had passed away, when the lighter 
granitic exterior of the earth became from molten to plastic and 
partially solid condition, we will consider what actions must 
have taken place in reference to the general contractions that 
produced the irregular contour of surface and subterranean cav- 
ities. Previous to this it may be safely supposed that the surface 
of the earth was a regularly shaped and comparatively smooth 
globe, surcharged and enclosed with oxygen, hydrogen, and 
other inflammable gases or substances, and being largely fluxed 
with potash, soda, lithia, lime, magnesia, sulphur, iron, man- 
ganese, etc. , it must have possessed a well fused molten.envelope 
of granitic slag and surface dross. Until this settled almost to 
solid rock, it would be drawn by contraction and gravitation 
directiy downwards in close contact to the still molten interior, 
but at a certain stage of solidification, because it naturally con- 
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tracted less in cooling, than the next interior, hotter mass, this 
y^riical action of the outer crust would almost cease, when the 
contraction of the warmer interior, being further accelerated by 
the evulsion of gaseous elements from the molten state, im- 
mensely extensive subterraneous cavities would be formed under 
the superimposed spherical segment of granitic crust; which then, 
partaking of lateral thrust, by solidity, the^ abutments of these 
vast arches would give way, under the increased pressure, and 
consequently more plastic condition, and the crust would thicken 
into mountams at the lines of greatest pressure, where the 
endurance of the rock was exceeded; or valleys and extensive 
plains sink, by mere straightening, as the ocean beds, to rest at 
certain places upon the interior, until a repetition ensued. 

After the period of the first distortion, the portions forming 
the present ocean beds, having commenced deviation from 
spheroidal form, would hasten to approach straight lines or 
planes from gravitation alone, and t}ie enormous weight of such 
portions of crust as the Pacific, Atlantic, and Indian Ocean 
beds, by acting transversely, with irresistible power, being 
spheroidal and solid, could do no less than thicken more moun- 
tains in a similar manner, for side room, and from central con- 
tractions and weight, cause the simultaneous depression of 
plains. This principle of force seems substantiated by the facts 
that the highest mountains form the borders to the widest 
oceans all over the world, and the average heights opposite each 
ocean appear to bear corresponding ratios thereto. This may 
account for the first ocean beds or basins, but I think the chief 
cause for the. modem volcanic mountains bordering oceans is, 
that the gaseous forces have been generally insufficient for mas- 
tering the cooling influence of such a vast quantity of water, 
therefore the escapements took place beyond the shores, and 
built comformable ranges of mountains. 

In later times, towards the end of the second, and on to the 
middle of the third chapter, the principles of downward action 
of gases and liquids, and transferrenc^ of sensible heat of steam 
into the latent heat of water, would by this disappearance of 
sensible heat, greatly assist to weigh and cool down these un- 
supported solid portions, and still continue to straighten the 
bottom from a spheroidal form towards that of a plane; whilst the 
mountains would not be thus refrigerated, and, from their 



20 THE EXPLORERS^ MINERS^ AND 

comparatively insignificant areas and weights, they would be 
retarded in downward travel. If the ocean beds merely sunk 
but one hundred yards, the whole of the lower portions of the 
paleozoic formations of the continents would appear as now. 
These effects may apply to deeper strata in the interior of the 
earth, so far as contractive pressure and temperature are con- 
cerned, and as the earth continued its cooling, other internal 
hollow globes or spherical sections would in like manner be 
forming from plastic to solid states, which, when compressing 
laterally as described in the crumpling of surface mountains, 
the portions, where internal mountains were forming, would be 
crumbled and suddenly forced upwards imder the outer shell, 
whilst the adjoining still solid portions would — by consequent 
circumferential motion — rub violently against the interior of 
the more stable outer shell, and produce such motions as earth- 
quakes, a greater degree of heat, and force the pent-up molten mat- 
ter and gaseous elements discharge through surface volcanoes. 
Whether this is a true or false theory, it is a fact that granite 
shrinks much less than most other materials, and as all varieties 
of matter contract differently, as a rule, the heaviest the most, it 
follows that the solid portions of the interior must frequently 
have very large caverns, more particularly under the outer crust; 
and where the molten state commences^the oxides or chlorides, 
etc., of the metals may intervene in immense chambers.* 

This removes the difficulty of finding materials of suitable 
weight to equal the calculated average specific gravity that the 
earth should possess, and will serve for reference to explain 
many things which will be considered in the chapter on the 
formation of mineral veins, etc. 

If it be admitted that cooling commenced at the surface, from 

radiaJtion, or transferrence of sensible heat into latent insensible 

farmSy by chemical compositions or gaseous elements into liquid 

and solid forms, or from any other causep, it must follow that 

this theory of contraction is true; for after the surface became 



*The roofs of these extensive cayernB are not likely to be of regular form, bnt are 
probably very stalactitio, having large, acnte angled inverted hills, which being occasion- 
ally struck on their different slopes by the discharged matter from the subterranean volca- 
noes, described in Chapter IV, on earthquakes, they would not only afford the means of 
propagating the waves in different directions, as governed by the side smitten, but vary 
the tiffects, and produce much greater dibturbance at the surface. 
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sufficiently cold for solidification and cessation of shrinkage, it 
would be absurd to say that an interior molten globe, of nearly 
8,000 miles in diameter, would cease to contract within the more 
fully contracted and colder, solid shell, the more so because of 
the continual eyulsions of gaseous elements through volcanoes, 
from decomposition of the fluids of the interior. 

It now becomes my interesting and important duty to notice 
the peculiarities and component parts of the various granitic 
rocks, herein denominated, for the miner's purpose, primitive 
formations. 

True granite is composed of quartz, feldspar and mica; the 
feldspar and mica are disseminated as separate crystals in the 
quartz (which latter but Alls the intervening space) to form a 
very regularly speckled rock, so differing from all others of a 
sedimentary or artificial nature that it must have been first fused 
with soda or potash to a fluid, and the feldspar and mica have 
then aggregated and crystallized, under the succeeding appro- 
priate affinities, which were eliminated at certain suitable tem- 
peratures during the slow refrigeration of the globe, whilst the 
surplus silicic acid must have gradually solidified to fill the re- 
maining irregularly formed interstices. 

On referring to the Elementary Treatise on Mineralogy by 
William Phillips, to whom I am indebted for many other com- 
positions of the minerals, as analyzed by renowned chemists, I 
find that quartz (otherwise called silica, silicic add and oxide of 
silicium) is composed of oxygen 51.95, and silicium 48.05; feld- 
spar, from a comparatively pure specimen, analyzed by Berthier, 
64.2 of silica) 16.95 of potash, and 18.4 of alumina. The most 
simple specimen of mica that has been recorded is that from 
Brunswick, Maine, analyzed by Thompson, which was composed 
of 64.44 of silica, 28.84 alumina, 4.4 protoxide of iron, and 1 of 
water. These constitute granite proper, with the three impera- 
tive ingredients comparatively pure; but there are several species 
of variously colored and constituted granitic rocks, that are also 
primitive when viewed from the miner's standpoint, which have 
not only slightly different arrangement of parts, but partake of 
a great variety of chemical as well as chance mixtures. See 
chapter on the alphabetically arranged list of minerals, for better 
recognition of component parts, and to the following quotation 
from Dana, for descriptions of the granites: 
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QBANITB.— BTENITE. 

*' Orai^ consists of the three mlnersls, quarts, feldspar and mlcs. It has a crTstalline 
grannlar structure, and usually a graylsh-whitp, gray, or flesh-red color, the shade yarying 
with the color of the constituent minerals. When it contains hornblende in place of mics, 
it is called tytniU; hornblende resembles mica in these rocks, but the laminn separate 
much less easily, and are brittle. 

Granite is said to be mieaeeoiM./eldifKiAie, or qaarUou, according as the mica, fddxpar, or 
qtuxrtz predominates. 

It is called jporpAyritic granite, when the feldspar is in large crystals, and appears over a 
worn surface like thickly scattered white blotches, often rectangular in shape. 

Qhm^it granite has the appearance of small oriental characters over the surface, owing 
to the angular arrangement of the quartz in the feldspar, or of the feldspar in the quartz. 

When the mica of the granite is wanting, it is then a granular mixture of feldspar and 
quartz, called granulite or Up^ite. 

When the feldspar is replaced by albite, it is called albUe granite. The albite is usually 
white, but otherwise resembles feldspar. When replaced by talc, it is called protagine, 

Dioriit is a rock of the granitic series, consisting of hornblende and feldspar. Color dark 
green or greenish-black. Crystalline texture distinct. 

GNEISS. 

Gneiss has the same constitution as granite, but the mica is more in layers, and the rock 
has therefore a stratified appearance." ^ 

« 

All may contain oxide of iron, or manganese, whilst the feld- 
spars of different yarieties often contain, in addition to silica, 
potash and alumina, also soda, lithia, magnesia, lime, oxides of 
manganese, andiron; and mica, in addition to silica and alumina, 
the oxides of iron and manganese, potash, soda, lithia, lime, 
fluoric acid, and water. 

These are, therefore, in their more simple and imperative 
forms, silicates of potash and alumina; the oxides of iron and 
manganese being present, from their universal prevalence in 
nature rather than a chemical necessity for their constitutions; 
they have, however, considerable coloring properties, whilst the 
others are indifferent mixtures, happening to be present in such 
localities during fusion. 977-thousandths of the rocks are com- 
posed of oxygen, silicon, aluminium, potassium, sodium, lithium, 
calcium, magnesium, iron, manganese, and carbon. Primitive 
rocks contain all but the last, which Are expelled, and which, 
with hydrogen, chlorine, fluorine, nitrogen, sulphur, boron, and 
barium, almost complete the after rock formations. 

The constitution of these various granitic rocks expose seven 
exceedingly interesting and strikingly remarkable features. 

First. The enormous quantity of this kind of formation. 
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Secondly. The amazing amount of solid fixed oxygen in tlie 
silica, and silicates, constituting nearly half the weight. 

Thirdly. The oxygen is separately combined, in direct or acid 
forms, with all these minerals. 

Fourthly. Oxygen and metallic minerals are alone present. 

Fifthly. These minerals are all very difficult to be reduced to 
the metallic state. 

Sixthly. The very lightest metallic elements are those con- 
tained in such stlrf ace rocks. 

Seventhly. They are very stable during fusion. 

Eighthly. The absence of all volatile carbonates, chlorides 
and sulphates of lime, magnesia, etc. , etc. 

These, combined with the following facts, substantiate at least 
the igneous origin of this Earth, which partakes of the exact 
mathematically calculated shape that a fluid of its specific gravity 
and size would have assumed, when rotated at the same speed 
(7,926 miles equatorial, and 7,899.507 miles of polar diameter), 
and that the temperature increases below the depth of the sun's 
influence, at the minimum rate of 1^ for every 60 feet deeper 
throughout the whole world, which collectively prove that fire 
was the mighty subservient power used by the Creator to shape 
our terrestial globe. These are the local proofs. 

To disbelieve in the agency of fire in the initial casting of the 
innumerable worlds of the vast universe, we must doubt and de- 
spise all the facts that are derived from observation, both here 
and in space; for chemistry, the eye, the telescope, and the 
spectrum, unfold continual proofs that innumerable spheres are 
now burning exactly similar elements to those of the Earth, 
where water itself must have been so formed, as the product of 
combustion of oxygen and hydrogen, whilst the Earth and its 
surf ace of "primitive" rocks were being fused by this conse- 
quently high temperature. 

In connection with this theory it is diffidult to understand why 
the gases, which are all so light, are immediately present with 
the much heavier molten or solid mass, for the continuation of 
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combustion; and it appears from necessity ihat all the gases must 
have the property of becoming liquid or solid under extreme' 
pressure, and may have lain in that original condition, and 
bursted forth as the pressure is by any means remoyed. It can 
be proven to be so in some instances, even under the moderate 
means we can command, whilst to reverse the action all the 
solids and fluids can be volatilized. A good illustration of this 
may be seen in mercury, for under a slight advance of the tem- 
perature of our atmosphere it would have been volatilized from 
its metallic states of fluidity and solidity, and be concealed for- 
ever from mankind. 

If these rocks were thus formed at high temperatures, amazing 
quantities of their elements must have been at some period ex- 
isting in a volatile condition, and if so the whole globe would 
have been surrounded by this very high, and consequently enor- 
mously heavy, elastic atmosphere of such, and the question arises 
whether the speckled crystllEillized ingredients of such rocks may 
not have been actually formed when these free elements were 
thus supported in this elastic medium, and gradually settled into 
their bed of silicic acid, just in similar manner to the snow of 
our much lighter atmosphere. The bed rocks being formed un- 
der their natural chemical affinities as the pressure and tempera- 
ture decreased during exceedingly slow cooling; the snow by 
cold alone, whilst the principle of support applied alike to both. 

During these formations, the earth's crust or hollow shell 
would continue to be violently compressed in circumferential 
directions, and being solid it would, from its own gravitation, as 
it endeavored to follow the still faster contracting interior, 
crumple and distort certain sections of least resistance into ex- 
tensive ocean beds and the comparative elevations with rolling 
surface contour of hill and dale. 

In such a state of homogeneity or equality, the partial inva- 
sion of volcanic fires had not at this early period really uplifted 
any mountains; but their apparent elevations existed more from 
the above causes, and a difference of subsidence or loitering be^ 
hind of such portions, during the general travel, when urged by 
contraction and gravitation towards the center of the earth. 

To make the preceding principle of action still more intelligi- 
ble, it may be supposed that the whole exterior solid and colder 
shell of the earth has been continually urged downwards by its 
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own unsupported weight, after the hotter and faster contracting 
interior, and therefore when any large subterranean space has 
been formed, that portion which lies above will endeavor to 
slide down, or settle thereon, and as soon as this sufficient hol- 
low area creates an ample power from gravitation to crush the 
necessary side room, by thickening that particular part of the 
adjoining surface into mountains, this immensely heavy dome of 
crust being thus released will be thereby allowed to force its 
way and shift down upon its underlying region. It is not at all 
plausible that the whole crust has at any time descended 
in the one operation, so that these hollows of power have acted 
everywhere separately at different times, and caused innumerable 
and most irregular settlings both of mountains and ocean beds; 
but the latter having been forwarded at the commencement, have 
generally kept a leading position since. 

This lateral crushing is imperative, for unless the size of the 
shell is reduced to that of its enclosed faster contracting con- 
tents, it cannot fall to rest thereon. 

At this stage of the creation the whole surface would be more 
or less covered with the deep oxidized dross from a world's 
fusion, which would be largely composed of soluble soda, lime, 
magnesia, etc., and all other substances that were either in ex- 
cess or lacked the necessary affinity for uniting with other con- 
stituents which formed the solid primitive mountains, and ''bot- 
tom " of granitic ** bed rocks," 

This would be encompassed by a ponderous mixed atmosphere, 
composed of all the vapors and gases that fire could create, vola- 
tilize, or release, and which were in excess or unnecessary for 
the compositions of these primitive corrugations of the * ' bottom 
rock."* 



*In favoring these theories for primitive formstlonB, I wonld not be misonderstood by 
religloiiB people, m I un neither atheist nor infidel; the sequence of creation as described 
in the first chapter of Genesis, conforms in general terms, so wonderfully close with 
scientific records, that the length of days is the only apparent absurdity, and this expres. 
Bion most have been merely figuratiTe. 
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CHAPTEB II. 



FORMATION OF THE FIBST CLAT SLATES, OSEENSTONES, AND THE YABIOUS 
FINE GBAINED HOBNBLENDIO AND FELDSPATHIO MIXTURES, 
FBOM PBIMITiyB BOCK ELEMENTS. 

" And darkneBs was upon the face of the deep." 

Oenaii, chap. 1, yerse 2. 

Here commences an eon of the greatest possible confusion, 
when probably all the known gases and vapors that the chemical 
agency of fire could produce, from the but recently fused globe, 
existed as a Toluminous, heavy and dark atmospheric envelope, 
over the incrustations of partiaUy soluble dross, that covered the 
surface of the refrigerating, but still, red hot, earth. 

Under such conditions, who can say what changes might not 
have been produced from this time until water ceased to boil, 
under the atmospheric pressure ? The various crystalline rock 
formations, and the apparently extraordinary erodations of the 
general surface contour, would have been speedily accomplished, 
and many things, now unnatural, realized. 

These principles of heat and pressure have not been sufficiently 
studied or experimented on by geologists; although they favor 
the molten and refrigeration theory, and consequently admit 
that such degrees of heat then existed, they and chemists, have 
neglected to examine what effects can be chemically produced 
by the gases, or the alkaline and alkaline earth solutions, under 
conditions that must have existed during this period. 

Water, in vapor and liquid, has exerted more controlling influ- 
ence, and wrought more variously in dissolving, decomposing, 
disintegrating an ^modifying the earth's surface, than all other 
vapors, gases, and liquids combined; and should, therefore, be 
more elaborately considered in reference to its peculiar charac- 
lics and qualifications. 
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It appears to have been the most astounding conception of the 
Creator, an especial and universally pre-arranged provisional 
Eueans for accomplishing, uniting, and sustaining all the neces- 
sary creations that were intended to be accomplished throughout 
organic and inorganic nature. 

Without water, nothing could have been formed, nothing sup- 
ported, or continued; it is not only a necessity for all creations 
a.nd stages of animal and vegetable life, but also of inorganic 
::i^taIlizations and constitutional forms. It would require vol- 
umes even to name the substances with which it is associated, 
ind its many peculiarities; but the following may be profitably 
remembered^ 

Water is formed when hydrogen is kindled, either with flame 
or electric spark, in presence of free oxygen. It is colorless, 
tasteless, and inodorous. It does not change its state under or- 
dinary circumstances, when free from foreign matter, in any way, 
during any length of time. It is indestructible, and is not, so 
Far as yet ascertained, within moderate degrees, chemically de- 
C5omposed by heat — ^for, although entirely vaporized, it returns, 
on cooling, to the liquid state, as before, ad infinitum. It com- 
bines in various forms of basic, hydratic, and saline water, as 
well as that of crystallization, with more elements than any other 
known liquid. It is perfectly neutral, possessing neither add 
nor .basic properties, yet unites with both, and increases their 
chemical activity. It also combines with neutral salts, in two 
conditions of crystallization. 

Although it possesses neither acid nor alkaline strength, more 
substances are soluble therein than in any other liquid; which can 
be again separated by mere evaporation. The solvent power of 
ivater on solids is generally increased by heat — lime being one of 
the exceptions, where it is decreased. At the ordinary tempera- 
tures experimented on, magnesia is insoluble in water, although 
at higher degrees it may not be so. Heat diminishes the solvent 
power of water for gases, but increased pressure would, to a 
considerable extent, counteract this, and in some cases reduce 
gases to liquids, which would act differently. It partakes of the 
property of evaporating at ordinary temperatures into clouds 
that are sufficiently light to float as vapor in mid air, which by 
B^ggiegsMon descends as rain, in wonderfully well regulated quan- 
tities. It is the only liquid that varies from the general law of 
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expansion bj heat, and contraction by cold; as it continues to 
contract down to 39^ Fahrenheit, and then to expand again ai 
the temperature decreases to the freezing point of 32^. Were 
this not so, the ocean would become one mass of ice from equa 
tor to pole, as the ice by freezing would continue to sink to 
the bottom until the whole mass became solid, when the sun, act- 
ing but on the equatorial surface, would possess but little power 
to thaw such a tremendous bulk, and the cold become so general 
that rains would be frozen into snows or hail-stones, and all 
organic nature perish — which is in itself an unmistakable Almighty 
provision for our safety. It is sufficiently buoyant, that land 
animals falling therein, may by proper exertion, save their lives. 
It is also of very suitable floatability and density for the ships of 
man, which he is enabled by skill to frame and build, but just 
strong enough to barely resist its momentous effects. Water 
boils at a degree but just sufficient to cook our food and freezes 
at a point that does not seriously interfere with our comfort or 
general operations. It is the only liquid that would suit the 
general requirements of the house, the chemist, miner, miller, 
and engineer, even if others existed in sufficient quantity. It ia 
clean, clear, non-glutinous, is the exactly requisite specific grav- 
ity, and can be filtered, evaporated off, or condensed at pleasure. 
It contains considerably more latent heat than any other liquid. 

When water is boiled in a close vessel over sufficient heat, the 
first temperature of the boiling point, in a vacuum under.no 
pressure, is but 67 degrees, or 35 degrees above that of freezing; 
but as the pressure is increased by the formation of steam or by 
any other means, over the liquid, the temperature of the boiling 
point also increases with a comparative ratio, and the pressure 
being known, the temperature (which it invariably governs) may 
be calculated therefrom, or vice versa. 

The boiling point, under but one atmosphere's pressure, 
equals, at the sea level, 212°; that is, 180° above the freezing 
point of 32°. The latent heat of water and steam is estimated 
at 1000° at the atmospheric pressure, and the sums of latent and 
se;Qsible heats of water are always equal to 1180°, in a vacuum, 
under atmospheric or any other increased pressure, up to the 
limit of elasticity of steam; where all that is possible of the lat- 
ent heat has been expelled into sensible form. 

M. M. Dulong and Arago, under a commission from the 
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French Academy, have demonstrated, by actual experiments 
nade, under pressures yarying from 1 to 50 atmospheres, that 
ihe pressures and temperatures range as follows: Taking for our 
purpose the intermediate figures which stand opposite every ad- 
vance of 5 atmospheres, and starting from the boiling point in 
racuum, it reads thus: 

Soiling point in vaomim under a prewnre of atmosphere 67^ 

•• •• " «« •« 6 •• 807. 6* 

" •• •« «« " 10 •• 8A8.28^ 

" «« «• «« «• 15 «< ..392.48* 

*« ** " «« «« 20 *« 418.48* 

•• •« " " •« 25 *• 489.84* 

•• •« •« «« •• 30 •" 457.18? 

•• «« «« «• «« 36 " 472.73* 

" «« •* «« •« 40 " 488.89* 

" «« " •• •• 45 " 490.14* 

«« •« «« «« «« 60 " 610.60* 

So far we have thus well established these practical steps in a 
series commencing with the sums of 67^ sensible heat, and 1113^ 
jf latent heat, which==1180°, and ending with the sermble heat 
>f 510.6^, and but 669.4^ latent heat, thus created by heat under 
SO atmospheres of pressure, or about 750 pounds per square 
inch, and ending God only knows where. 

Now we will consider what effect this principle must have ex- 
erted on the earlier surface formations of our globe, when this 
vapor of water was mixed with all the other gases that were 
simultaneously created by fire. First, it is thus shown that a 
sufficient amount of pressure and heat will increase the sensible 
heat of water, so as not only to render many things very much 
more soluble, but to actually melt, at least some, of the metals. 
That such states of transient pressure and heat existed at a cer- 
tain period, cannot be denied by those who admit the theory of 
primitiye heat formations, as all must have passed through these 
degrees from that of fusion to the present. 

As water possesses so many other peculiarities, may it not 
have the additional intentional provision of becoming again 
liquid, or be reduced to hydrogen, under certain pressure and 
heat, thereby affording the nucleus of central fuel for the forma- 
tion of worlds, and their elementary surface compounds, when 
and where required, as the pressure is removed, at the proper 
degree of temperature, and ignition or oxidation of this, thus 
formed, metallic hydrogen ensues. 
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It may be possible that the yapor again liquefies or Bolidifiet 
after losing all its latent beat, under sufficient pressure; and oi 
the release of pressure the elements of hydrogen and oxygej 
may become free, and re-unite when ignited as the vapor of water, 
whilst the excess of oxygen would form its union With bed rocks, 
and supply that in the present atmosphere. 

Since the date of first edition, wherein the abo^e remarks we 
published, those astounding explosions of burning hydrogei 
from the sun, to some 200,000 miles above its surface, prove a 
thoroughly as can be possible, that solid hydrogen must exist ii 
its interior, and thus supply the fuel for its formation. If thii 
is so in the sun may it not be acting in a like manner, but witl 
less power, in our globe, and thus create volcanic force, whicli 
by bursting occasionally under certain portions of the crust aj 
described in the fourth chapter, produces earthquakes, and acJ 
counts for the formation and presence of water as dischargee 
through red-hot craters."^ 

Now the total area of the oceans equals eight-elevenths of ih 
surface of the earth, and as they have an average depth of thre( 
miles, it follows that the depth, if extended over the whole globe, 
would be more than two miles, or 10,560 feet. Taking the roud 
number of 30 feet high of water as the representative of one at' 
mosphere, and dividing the 10,560 feet thereby, we have 35: 
atmospheres of average pressure over the whole bed surface (^ 
the earth, which is more than seven times the pressure experi 
mented on by the French Academy. Now if this amount o! 
water was converted into vapor over the red hot earth, or tvai 
first formed as vapor (which seems the more plausible), it would^ 
as a matter of course, being transferred from under to an over' 
lying equal weight, exert the same pressure of 352 atmospheres, 
which the numerous other gases would increase to a still higbei 
pressure, subject to some deductions for increasing length ol 
circumference with greater altitude, etc., from divergence. 

It appears, therefore, very certain that a much higher sensible 
temperature (which is governed by pressure on steam and water,! 
existed at some more remote period, than the 510^ under 5lJ 
atmospheres, even surpassing the modulus of elasticity of steam; 

* The French chemist il. Plctet has Just reduced hydrogen to both molten and solid cos- 
dltions, under extremely high pressure, in practical experiments made at Paris in 1878, ifi^ 
realized my predictions of the first and second editions. 
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whilst the underlying saline solution in surface water, if any 
then existed, would exceed red heat. 

These expressions are founded on the examination of pure 
water, but the degree is much increased when it contains other 
substances i]»8olution. We will suppose that lime chloride may 
have largely composed one of the first saturated solutions from 
the released elements of fusion; as the escaping chlorine gas 
would exist, under more than 4 atmospheres of pressure, only as 
a liquid, that would form yarious chlorine compounds at more 
moderate temperatures. 

This saturated solution alone, even at the present pressure of 
but one atmosphere, increases the boiling point from 212^ to 
264^, but all' other freed gases and liquids which unite with 
water, as well as the first exudations of solid substances that 
were soluble therein, at the extremely high temperature then 
existing (which would embrace many that are now insoluble), 
would still further increase the boiling point; so that the trials 
of Dulong and Arago of pure water, which reached 510.6^ under 
but 50 atmospheres, would in all probability have extended the 
degree of « this then comparatiyely small and mixed solution to 
some 700^ or 800^ without further pressure. This appears but 
insignificant when compared to that which must haye been then 
in action under the enormous influence of this vapor, increased 
still further by the following gases. 

Oxygen, nitrogen, and hydrogen must have existed in enor- 
mous quantities, either uncombined as oxygen and nitrogen of the 
atmosphere, or in combination as the oxygen and hydrogen in 
steam, or in the more intensely heated and compressed unknown 
forms previously alluded to. Sulphurous acid, and carbonic 
oxide — changed to carbonic add by combustion in air — ^must 
have been present, in gaseous conditions, as it is well known 
that they could not exist at any such temperatures, when com- 
bined as they are now. 

Chlorine would for these same reasons have been present in 
immense quantity, either as a gas, or liquefied (at ordinary tem- 
perature) under a pressure of four atmospheres, but more prob- 
ably as a gas, — ^for increased temperature would also require 
increased pressure for its liquefaction — ^this is, however, imma- 
terial, as both carbonic acid and chloric gases, being heavier than 
the others, would form carbonated and chloridated steam to fall as 
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water for further reactions, forming, at the suitably tepid periods, 
the various carbonates of lime, magnesia, etc., and the chloride 
of sodium, etc.; whilst the sulphurous acid would unite with 
the steam to fall in eroding showers, and produce solution 
with the other more suitable surface elements. 

These are but a few of the gases which, with steam, composed 
this voluminous, mixed, heavy, and dark primeval atmosphere 
that surrounded the earth at this period. It affords interesting 
wonder as to whence all these gases proceeded. It is reasonable 
to suppose, that when a globe appears in luminosity and appa- 
rent combustion, that one or more of the inflammable gases must 
be present to support it; and strange as it may seem, the spec* 
trum has recently demonstrated, by actual qualitative analysis, 
from the colors produced from mineral flames, that the sun, other 
fixed stars, and nebulous belts, are burning, or oxidizing, at this 
very moment, hydrogen, sodium, calcium, magnesium, iron, 
manganese, nickel, cobalt, chromium, titanium, etc., etc. 

Whether the nebulous theory is approximately correct for 
solids, or not, some of the gaseous elements may have existed in 
very much more remote space than now; for just at the present 
state of rarefaction, we fail to even conceive the amazing 
amounts which have condensed from the gaseous, voluminous, 
and elastic, to the compact liquid and solid states; so that much 
of the intervening spaces may have been occupied by oxygen, 
nitrogen, or other more or less attenuated gases, collected by the 
attraction of the different spheres that traversed their respective 
orbits in space. 

In connection with this theory of fire, it appears most strangle 
as to what caused refrigeration; and, in addition to radiation, I 
see no better reason, than that the heat may have been trans- 
ferred from the sensible to latent form, during the numerous 
chemical changes from gaseous to liquid and solid states. For 
instance, when hydrogen is burned, as it is commonly called, or 
oxidized, these gases combine to form water (its only apparent 
source), which contains, under one atmosphere's pressure, but 
180^ of sensible heat, and 1000^ of latent heat; so that this con- 
siderable ratio having been thus stowed away from sensible 
forms, refrigeration was the consequence. 

If this idea is correct, the various gases, by being composed 
into liquids and solids, would hasten the cooling, during this 
T^articular period of formation, to, a very remarkable degree. 

/ 
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Notwithstanding this more speedy refrigeration, a very long 
hot period must have elapsed, as the first slates were being 
distributed and deposited, before the temperature would be suffi- 
ciently reduced for the formations of the inorganic ciystalline 
carbonates of lime, magnesia, and the confused mixtures of slates, 
that preceded the more tranquil periods when water ceased to 
boil, under more natural and permanent atmospheric pressure. 

It would be as absurd to suppose that changes were not then 
taking place^ as that fish or animals of any kind could haye ex- 
isted daring this hot epoch. 

THE POBMATION OF THE EABUEST OBTSTALLnVE CLAY SLATES, FBOM 

PBIMITIVB OBANITIO ELEMENTS. 

In this state of wild confusion of gases and vapors, with 
general debris and dross, that encompassed the earth at this 
time, under the ever-yarying actions of fire at the different parts 
of the surface, vast volumes of steam and accompanying vapors 
would be forced upwards from highly-heated oceans, seas, and 
lakes, which would create tremendously violent hurricanes of 
the compressed and heavy gases, that would sweep over the 
land with a distributive power far surpassing anything that can 
be conceived x)ossible from the present ordinary causes for winds; 
thus scattering much spray from the hot oceans over the moun- 
tains, and drifting the comparatively light, thick debris, — that 
would even float in such an atmosphere, — over the slopes into 
the lower grounds, 't^hich, by long continued attrition, would 
completely crumble the more exposed and larger granitic rocks; 
whilst the moist steam and hot rains would carry away, in 
mechanical and chemical solutions, immense quantities of soda, 
lime, magnesia, etc., to these primeval ocean reservoirs, for sub- 
sequent reactions, precipitations and sedimentary depositions. 

Large quantities of these substances must have been generally 
disseminated throughout, and dissolved from this surface scum, 
by highly heated water, that would by rendering the mass more 
cellular, hasten the disintegration and distribution of the quartz, 
feldapar and mica, which may have been, under these circum- 
stances, transferred by such winds, to form the gneissose granites; 
and by further pulverization, or naturally smaller crystals, the 
earliest crystalline clay slates, as secondary formations, from 
3 
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primitiye elements, on the irregular corrugations of the primitiYe 
bottom rocks, described in Chapter I. 

I think the effects produced by floatation, in such a dense 
mixture of all the elements that fire could release, haye been in- 
sufficiently credited; as an elastic medium of this enormous 
density must have held amazing quantities of the rock debris in 
mechanical suspension; and, therefore, as our — one atmosphere's 
density — floats a feather and impalpable dust, it cannot be 
doubted that such as must have then existed, when assisted by 
ponderous winds, would have floated the sands, or even the 
loose rocks themselyes, into the more tranquil slopes and yalleys. 
It also seems possible that many free elements may haye been 
thus suspended to combine, by chemical crystallizations, into 
heayier solid forms, to fall in continual showers, and aggregate, 
in course of time, into the Azoic bed-rock. This would fully 
account for gneiss and other formations, which are now but con- 
jectural problems. 

As silicic acid forms the half of all rocks, and enters, cts an 
acid, into their constitutions to form silicates, may it not be pos- 
sible and eyen probable, that it might haye acted as the receiying 
solution, whilst water was created as its diluting associate, under 
extreme pressure and temperature, exceeding that of its modulus 
of elasticity, and after the pressure became sufficiently reduced, 
the silicious solution was eyaporated, by the yery creation of the 
yapor of water (an inyerse means), and this peculiar crystalliza- 
tion was the residual result ? 

In connection with these distributions and depositions of the 
crystalline azoic formations, most of which, I think, were 
deposited before water ceased to boil, two yery important facts 
must not be forgotten, that the first so-called upheayaJs of all 
the primitiye mountains, compared with the subsidence of the 
ocean-beds, were by no means so different as they are now in 
their eleyations and depressions, or were the oceans anything 
like as extensiye as they haye since, by condensation of steam, 
become; so that, for these reasons, the yery hot ocean waters 
may at the earliest periods haye had the separating barriers of 
the old and new world's continents, just as they haye at present, 
with but the difference in the depths of the water as compared 
to later periods, and by partaking of only the slight tidal motion 
that is now produced by the action of the moon, the distributions 
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and aediments would be settled in situations that conformed to 
such conditions; but, as the earth continued to refrigerate, the 
vapor of water would condense, and increase the oceans so much 
that the waters would submerge all the lower lands of the pres- 
ent continents of the world, leaving nothing above it but a few 
peaks and comparatively short ranges of the tops of the moun- 
tains as mere islands. The ocean, having risen from its mini- 
mum depth and surmotmted its barriers, followed the moon's 
accelerative attraction, and wrought at the greatest height of its 
waters uncontrolled sway on the general surface debris, and thus 
deposited its various azoic (non-fossiliferous) rocks at all levels 
during its ebb from the land; so that the mountain regions of 
dry land continued to increase as the ocean-beds sunk and vnth- 
drew the waters therefrom. 

It may be here repeated, that a subsidence of the ocean's vast 
comparative areas, of but 100 yards, would have laid bare all the 
low lands of the world. This liquid reservoir and distributor 
of mud, aided by contraction and its consequences, acting 
in conjunction vnth chemical solvents, the mechanical disin- 
tegrators of heavy winds, and the enormously plentiful del- 
ages of rain, during this period of steam, shaped the trans- 
verse hills and valleys of the primitive rocks, and with their 
debris reformed what the miner must understand as the fir^i 
secondary rocks, from primitive rock-debris, being the latter stage 
of this peculiar azoic formation. These rocks are all of crystal- 
line* appearance, and apart from the fineness of the grain, and 
the presence of talc, extra mica, hornblende, etc., do not differ 
very much from the composition of the granites, from which 
they are derived. Crystallization, with the absence of too per- 
fect cleavage and'fossiliferous remains, are imperative character- 
istics of this age of formation. 

There is also, the compact variety of crystalline carbonate of 
lime, granular limestone, which was probably deposited at or 
towards the termination of the period, from the chemical solu- 
tion of chloride of lime, as the temperature of the boiling solu- 
tion became sufficiently reduced for the carbonic acid from the 
atmosphere, or the hot water, to unite therewith and precipitate 
carbonate of lime, the chlorine being released to form chlorine 
water for other combinations, as that of chloride of sodium, etc. 

These limestones, being formed during the hot period, conse- 
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quently lack fossils and cleavage, and frequently form irregular 
combinations with the other mechanical ingredients from neigh- 
boring rocks. These must not be confounded wi^ the modem 
coralline and stratified mud formations, in which well-formed, 
perfect fossils abound. For the miner's purpose, the rocks and 
deposits, described in these chapters, will embrace all the mas- 
siye granular kinds, as the Tarious granitic rocks, crystalline 
slates, and limes, as well as the hard greenstones, and some of 
the porphyries that are known to be of settled formation, and 
not produced by the more modem and local yolcanic action. 

As these elements were first obtained by fusion, during the 
erulsion of mineral matter, they were more or less impregnated 
therewith at the time, and what happened to be volatilized, and 
escaped into the atmosphere, were sooner or later collected and 
reconveyed to the general solution, that at the proper time, 
deposited the base mineral oxides and chlorides upon this first 
and only bottom receptacle for progressive formation, and which 
formed the general stock of the salifiable bases that were slowly 
transferred to the veins of future ages, and precipitated by the 
many re-agents that happened to be present during long periods 
of time. 

The metals which have been profitably extracted from the true 
fissure veins of these formations, are chiefly iron, copper, tin, 
lead, zinc, and silver in combination with copper or lead; but, 
less frequently, the ores of silver, in such settled positions. * 

When intrusive and comparatively reciBnt volcanic action 
approaches these primitive and secondary formations, silver is 
more frequently found in its constitutional forms, and in greater 
abundance, than when it is very far from such action. 

Gold has been found in profitable quantities in such primitive, 
or primo-secondaries, when volcanic action has uplifted, dis- 
torted and tilted the latter strata to a considerable angle; some- 
times it is then found in the primitive, very near the junction, 
but more frequently in the talcose clay slates. Silver appears to 
have been of more recent formation, and, as but little of it will 
also suffice for profits, it has been consequently worked from 
more numerous strata than many of the more plentiful base 
minerals. I have often thought, that during the period of the 
general volatilization of all the minerals and metals, there 
may have arisen just as much silver and gold as many other 
oietals; but, when the surface reactions commended, silver, if not 
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a chloride, woiQd unite with some soluble chloride, as chloride of 
sodium, to a very insoluble chloride of silyer, that would be dis- 
persed with the bed-rock formations, but, being insoluble with 
acids, would never be transferred to, and collected in, veins or 
pockets for profitable extraction, as is the case with the many 
soluble base minerals. Gold would also, from being soluble in 
chlorine or chlorine water, be mostly dispersed throughout the 
ocean, or precipitated in after times into infinitesimally small 
metallic particles, that would be also forever insoluble in any 
other natural solvent, after the chlorine had united to other ele- 
ments, for which it possessed a stronger affinity, than for gold. 

The shell of the earth still continued to crush laterally, to 
create room for its settlement, on the molten faster-contracting 
interior, during these formations, as it did in the primitive 
period; and in both cases, as would be supposed, not in a very 
universally regular manner; so that the primitive secondary Azoic 
deposits do but seldom conform to or cover the primitive bot- 
tom, in any very equal layers over the mountainous districts of 
greatest disturbance, wherein the miner requires information. 
These Azoic formations would continue to dry and bake into 
concreted rock, by the underlying heat, beneath the pressure of 
the after-deposition of the Paleozoic, Mesozoic, and Cenozoic 
rocks; and the distorting influences would also be occasionally 
acting, in a more moderate scale, to its further displacement, as 
ma^ be seen in the formations of all ages. 

At about this and subsequent periods, it frequently happened 
that the overlying azoic rocks slid upon the primitive bottom of 
granite, when the latter was being crushed and thickened into 
mountains; and in a manner sometimes toothed into, or doubled 
back, against such elevations; or in other words, continued with 
the horizontal motion of the general adjoining rock until it ar- 
rived at about where the partial thickening of the granite 
occurred, when such extraordinary distortions and strange fold- 
ings resulted — ^by its sliding over the primitive rock bottom — as 
to reader the old theories for the direct upheaval of mountains 
quite inadequate for the effects produced; for nothing but directly 
lateral separate shifts could have caused the very irregular features 
of the crushed or crumbled broken granite, and the various 
jumblingB of forms of the secondary strata, which are occasion- 
ally seen by the practical miner. 
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CHAPTER III. 



THE BOCK FORMATIONS OF THE PALEOZOIO, MESOZOIO AND CENOZOIC 
TIMES — ^WHEBE FOSSIUFEBOUS BEMAIN8 OF BIBDS, FISHES, 

AND ANIMALS ABB FOUND. 

'* And the Bpirlt of Gk)d moved apon the face of the watera/' 
" And Ood said, let there be light, and there was light." 

Ometit, chap. I, Terms 3 and 3. 

The preparatory stages of rock formations described in Chap- 
ters I and II, may have required billions of years to accomplish, 
and as plainly shown by the quotations from Genesis, this long 
dark entire time, preceded the first day's (or period's) light, and 
week's work of orgai^ic creation. 

These life sustaining times, now to be described, have been 
Bubd^dded by geologists into ages, and the ages into eras, and 
periods of formation. ^ 

The Paleozoic Time is the principal one of these which coiti- 
cems the miner; the others should be studied but for recogfni- 
tion, and avoidance. This commenced an era of more tranquil 
and natural formations, when water had ceased to boil, under an 
atmosphere that approached more closely to the present; when 
the lower order of living creatures could exist, and leave their 
records embedded in a soft stratified mud, to seal and solidify 
for the future inspection of the Almighty's master creation, Man. 
This mud solution was mostly such as was not chemically pre- 
cipitated, or too impalpable for settling during the period of 
ebullition, and which contained, in solution, those elements that 
were still partially or wholly soluble in tepid water; some of 
which would be precipitated on cooling, whilst the remainder 
supplied the cfrganisms with lime, etc., for the formations of the 
modern coralline fabrications and stratified rocks, that now over- 
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lie those of the Azoic crysialliiie depodts, which more imme- 
diately concern the miner of metallic minerals. 

** And G-od made the firmament, and divided the paters wUdi were under the flrmam«nt 
from the waters which were above the firmament." 

Omtiit, chap. I, venw 7. 

** And God said let the earth bring forth grass, the herb yielding seed, and the fruit tree 
yielding frait after its Und, whose seed is in itself npon the earth." 

G^enetif, chap. I, yerse tl. 

'< And God said let the waters bring forth abnndantlj the moving creature that hath 
life, and fowl tkcU may fly above the earth in the open firmament of heaven."* 

Qeruiit, chap. I, verse 30. 

This Paleozoic Time (of stratified rocks, and these organic 
creations) embraces the Silurian Age of MoUusks, the Devonian 
Age of Fishes, and the Carboniferous Age of the Coal-field 
deposits. The Silurian Age is again divided into the Lower 
Silurian and Upper Silurian Eras, the first embraces the Pots- 
dam, Tiienton, and Hudson Periods; the first, or Potsdam, being 
composed of Potsdam sandstone and calciferous sand-rock; the 
Trenton, or second, of Chazy limestone, and Trenton, Black 
Kiver and Bird's-eye limestones; the Hudson, or Third Period, 
of ntica shale and Hudson River Group; whilst the Upper Silu- 
rian Era embraces the Niagara, Salina, and Lower Helderberg 
Periods, the Niagara Period being composed of Oneida conglom- 
erate, Medina sandstone, with the Clinton and Niagara Groups; 
the Salina Period principally of saliferous beds; and the Lower 
Helderberg Period of the Lower Helderberg Group of Aymestry 
Httestone. The Devonian Age of Fishes, embracing the Old 
Bed Sandstone, is divided into the Oriskany, Comiferous, Hamil- 
ton, Chemung and Catskill Periods; the Oriskany Period being 
composed of Oriskany sandstone; the Corniferous Period of 
Cauda-Galli grit, Schoharie grit, and Upper Helderberg lime- 
stones; the Hamilton Period of Marcellus shale, Hamilton 
Group, and Genesee slate; the Chemung Period of the Portage 
and Chemung Groups; and the Catskill Period of Catskill red 
sandstones. 

The Lower and Upper Silurian formations, when near to or 
adjoining the Azoic, primitive, or secondary rocks, and when 



*It \a very remarkable that only fiahea and fowls were first made,— which itrlctly oon^ 
forms with Cteneds and with the Instable condition of the dry land,-Lf or as man and ani- 
mals conld not exist and multiply on ground that must have been, at this time, too 
f req[aently snbmcrged, they were neoessarUy the last of creation. 
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comparatiyely free from well-defined fossils, other suitable con- 
ditions being present, frequently have veins that contain profit- 
able quantities of lead, antimony, zinc, and iron; and when 
slightly invaded and metamorphosed, or tilted by more recent 
volcanic action, pockets of silver are often found in both car- 
bonate of lime and the combined carbonates of lime and mag- 
nesia, as well as in the clay slates. 

When talcose, chloritic, and ordinary clay slates have been 
thus tilted for a considerable distance, and uplifted as a margin 
to an ancient ocean, gold has been found in greatest profusion 
throughout the world, in reefs that accompany the divisions of 
the stratum, rather than in true fissure veins; but those which 
deviate from the general line of cleavage of the stratum, and 
take their ovm fractured route at times and places, have been 
much more profitable than others that always conform thereto. 

The Carboniferous Age terminates the Paleozoic Time, and is 
divided into the Sub-carboniferous, Carboniferous and Permian 
Periods; first, the Sub-carboniferous, of sub-carboniferous or 
mountain limestone and millstone grit; the Carboniferous, of the 
various series of strata of the coal measures; and the Permian 
Period of the Permian Groups of red sandstone and marls, with 
magnesian limestone. 

The formation of these Carboniferous Ages should be closely 
studied by the coal-miner, and the recorded facts laid down in 
numerous geological treatises, regarding the ages of the fossil 
shells, must frequently be referred to, that he may know when 
he is, or is not, on ground that contains or covers coal-beds, 
as well as the particular position for the different periods of the 
deposits on the same field, so that errors may be prevented. 

It would require much space to fully illustrate this subject, 
which, to be beneficial, should be exhaustive. I have, however, 
made the following extracts from Dana's Manual of Geology, and 
the authors he has quoted, to expose the general geological char- 
acteristics, and immense extent of the American coal-fields, 
already discovered. 

For further information on this most interesting and important 
subject, you should consult other books written for practical 
coal-miners, as no natural products are more imminently valua- 
ble for a nation's continued prosperity than great abundance of 
coal and iron. 
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"EPOOH OF THE GOAL MEASURES. 

I. DISXBZBtJTEON OV THE OOAL ABBAS. 
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1. The great JppalatMcm eoal field, covering parts of Pennaylvanla, Ohio, Yirglnia 
eastern Kentucky, eastern Tennessee, and Alabama. The workable area is estimated at 
60,000 square miles. The whole thickness of the formation is 2600 or 9000 feet ; aggregate 
thickness of the included coal-beds, oyer 120 feet In the Pottsville and Tamaqua Yalley, 
about 62 feet near Wilkesbarre, 25^ feet at Pittsburg. The area is partly broken up into 
patches in Pennsylvania, in the centre of the State, between Pottsville and Wyoming, are 
the famous anthracite beds, divided into many distinct patches ; and in the western part 
commences the great bituminous coal-field which spreads into Ohio and stretches on south 
to Alabama. 

'* 2. The iainoi$ and MUtouri, covering a very considerable part of Illinois, part of In- 
diana and Kentucky, and, west of the Mississippi, portions of Iowa, Missouri, Kansas, and 
Arkansas. Estimated area, 60,000 square miles. Whole thickness of the formation. In 
Missouri, 600 to 1000 feet; in western Kentucky, nearly 3300 ¥rith about 70 feet for the ag- 
gregate thickness of the coal-beds. 

** 3. JUichigan, situated about the centre of the peninsula. Estimated area, about 6000 
square miles. Whole thickness of the formation, 123 feet; rests upon a sandstone, probably 
of the Millstone grit epoch, which is 106 feet thick. 

" 4. The Texas, covering several of the northern and northwestern counties. 



«( 



5. The Bhode Island, lying between Providence and Worcester in Massachusetts, and 
oi>ened at Cumberland, north of Providence, al Portsmouth, 23 miles south, and also 
showing thin seams at Newport and elsewhere; in Massachusetts, outcropping at Mans- 
field, 15 miles northeast of Providence, at Wrentham, 6 miles from Mansfield, and at 
Worcester. Estimated area, 1000 square miles. 

** 6. The New Brunnoidc and Nova Scotia, covering part of Kew Brunswick, Kova Scotia^ 
Prince Edward's Island, and Newfoundland. Estimated area, 18,000 square miles. Whole 
thickness of the formation of the Joggins, including the beds of the Millstone grit epoch, 
HJS70 feet, the number of included coal-beds is 76, some of them being very thin, and the 
aggr^^ate thickness 46 feet. (Logan.) These coal-beds are situated in apart of the Goal 
measures, 2819 feet thick, near the middle of the series. At Pictou there are six beds of 
coal, with an aggregate thickness of 80 feet. (Dawson.) 

" The total number of square miles of all the productive coal-fields of the United 
States is 125,000. 

** Besides the above, there is the Arctic Goal region, which has been observed on Mel- 
ville and Bathurst Islands, Banks Land, etc., and the Rocky Mountains, both of which are 
unexplored. 

** Limestones of the Garboniferous period — ^formerly supposed to be Subcarbonlferous 
have a '^de distribution over the summit and both the eastern and western slopes of the 
mountains. This limestone has been observed at the Black Hills in Dakota, and the 
Laramie Bange; about the head-waters of the Missouri; at the South Pass of the Bocky 
Mountains; in the ranges south of Pike's Peak, and east and west of Santa F6, Kew Mexico ; 
in the great basin of the Colorado ; and it probably underlies to a considerable extent the 
Mesozoic rocks of the Bocky Mountain slopes west of the Mississippi. 

II. BOCKS. 

"1. Kindt of Todes, and i(ra£i/tca(tons.— The coal measures include stratified rocks of 
all kinds — sandstones, conglomerates, shales, shaly sandstones, limestones; and the lime- 
stones are generally impure, or magnesian. There is the same wide diversity that occurs 
in the Devonian, with more numerous and rapid transitions than were common in that 
age. Moreover, the rocks differ much in different regions. 
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"The CkMd beds an ■fldttlonri lijen in the Mrles, intantntlfled with the ehalee, SAnd,* 
stones, oonglonienteB, and Umeatones. But they are thin, eompared with the aocnmnlatf on 
of roek-stnta. The Goal measaras contain, generally, (fO feet or move of beds of rocik to 
oiM /eol of ooal. 

** Iron-ovB beds also oeeur, maWng other thin tayers in the series, and rendering tbe 
Goal regions the best ircm regions of the globe. 

The following section is an example of the altematioDS (beginning below) : 

1. Sandstone and oonglomerate beds 100 feet. 

2. COAL 6 

3. line-grained shaly sandstone !.. 80 

4. JSttteeoMt troM-ere 1^ 

6. ArgUlaceons sandstone 75 

6. COAL, upper 6 feet shale, with fossil plants, and below a thin clayey layer. . . 7 

7. Sandstone 80 

8. Iron-ort 1 

9. Argillaceons shale 80 

10. LmzsToiix (oolitic), containing FrodHcei, Crinoidt, eto 11 

11. .&ofi-ore, with many fossil shells 8 

12. Coarse sandstone, containing tnmks of trees 26 

13. COAL, lying on 1 foot slaty shale, with foasU plants 6 

14. Coarse sandstone 12 

« The altomations are thos varions, and may follow any order. The shales, sand- 
stones, conglomerates and limestones resemble the corresponding rocks of other period.^, 
and they are disUnguitMi at belonging to the Coal mecuuret only ky the fottil plants or animal 
rdia fhey may contain. Disastrons errors are often made when this role is not regarded. 

" The beds, even when thick, whether of coal or any of the rocks mentioned, have, in 
some districts, a limited lateral extent ; yet, in this respect the Coal measures differ little 
from earlier formations. Some of the larger beds of coal are supposed to spread continxi- 
onsly over many thousand square miles of area. 

*' In connection with the Goal measures of Bhode Island there are extonsiye beds of 
quartzose conglomerate, which outerop at Newport and elsewhere, and form a bold feature 
in the landscape at *'Purgatory," 2| miles east of Newport. They occur, also, in MassacliTx. 
setts, between ibis region and Boston, showing well about Boxbury. The exact position 
of the beds in the series is not known, as the rooks have undergone great disturbance, and 
in some places so much metamorphism that the cementing material is a talcose schist.- At 
Taunton, Massachusetts, its pebbles have occasionally been found to contain LlDgolae of 
the Potsdam sandstone {Lingula prima) , proving that they are pebbles of this Prlmordia 
rock; but whence derived is unknown. 

'* Besides the rocks mentioned, a buhrstone occurs in beds several feet thick, in Olxio . 
It is a cellular, flinty, siliceous rock, valued highly for millstones. 

"The limestones are more extensive in the Goal measure of the Hississippl bssin tlian 
in those of Pennsylvania and Virginia; while, on the contrary, conglomerates are mncli 
less common in the West. This accords with the fact, learned from the earlier ages, tliat 
the Appalachian region is noted for ite conglomerates and sandstones, and the inteilor 
basin for limestones. 

*' In Wayne county, in Western Pennsylvania, there are 80 feet of limestone in 250 feet 
of Coal measures; and near Wheeling, on the Ohio, twice this thickness of limestone, in 
Missouri, there are 150 feet or more of the former to 660 of the latter. In the lo^w^r 
150 feet of the Missouri section, there are, however, but 8 feet of the limestone, and 
in 900 feet of the Lower Carboniferous, in Western Kentucky, only 10 feet. The limestones 
included among the strata appear often to have a limited lateral range, instead of tlie 
uniformity over extended areas common in earlier periods. 

** The rock underlying a coal-bed may be of either of the kinds mentioned; bnt, 

usnaUy, it is a clayey layer (or bed of finer clay) , which is called the under-day. Tliie 

-*' Vtf -clay generally contains fossil plants, and especially the roots of Carboniferous 

' called Stigmaria, and it is regarded (as first shown by Logan) as the old dirt-bed in. 
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which the plants grew that oommenoed to fonn the ooal-bed. In some oaaea, tronks of 
trees rise from it, penetrating the coal-layer and rock ahoye it. 

*< The Nova Scotia Goal region abounds in erect trunks, standing on their old dirt-beds. 
Each of the 76 coal seams at the Joggins has its darker clayey layer, or dirt-bed, beneath. 
In 16 of them, there is only a trace of coal; but these, ss well as the rest, contain remains 
of roots (Stigmarice) , and often support still the old stamps. (Dawson) . 

" The rock capping a coal-bed may be of any kind, for the rocks are the result of what- 
ever circumstances succeeded; but it is common to find great numbers of fossil plants and 
fragments of trees in the first stratum. 

**The shaly beds often contain the ancient ferns spread out between the layers with 
all the perfection th^ would haye in an herbarium, and so abundantly that, howeyer thin 
the shale be split, it opens to yiew new impressions of plants. In tbe sandstone layers, 
broken trunks of trees sometimes lie scattered through the beds. Some of the logs in the 
Ohio Coal measures, described by Dr. Hildreth, are 60 or 00 feet long and 3 feet in diameter. 

** The thickness of the coal-beds at times hardly exceeds that of paper, and again is 
from 30 to 40 feet. The beds also yary in purity, from coal with but 1 per cent, of earthy 
matter, to dark-colored shales, with only a trace of coal. The thickness is seldom oyer 8 
feet, and the impurities ordinarily constitute from 7 to 16 per cent. 

"The Pittsburg seam, at Pittsburg, Pennsylvania, is 8 feet thick. It borders tbe 
Monongahela for a long distance, the black horizontal band being a conspicuous object in 
the high shores. It may be traced, according to Bogers, into Virginia and Ohio, over an 
area at least 225 miles by 100; and even into Kentucky, according to Lesquereux. But it 
variee in thickness, being 12 to li feet in the Cumberland basin, 6 feet at Wheeling, 6 at 
Athens, Ohio, and on the Qreat Kanawha; farther south, at the Guyandotte, 2 to 3 feet. 

<• The ' Mammoth Vein,' as it is called, which is exposed to ylew at Wilkesbarre, Penn- 
sylvania, is 29^ feet thick. It is nearly pure throughout, although there are some black 
shaly layers 1 to 12 inches thick. The same great bed is worked at Carbondale, Beaver 
Meadows, Mauch Chunk, Tamaqua, Minersvllle, Shamokin, etc. 

At Pictou, in Nova Scotia, one of the coal-beds has the extraordinary thickness of 87^ 
feet and a second 22^ feet. 

" 2, Structure of the Coal,— A, bed of coal, even when purest, consists of distinct layers. 
The layers are not usually separable, unless the coal is quite impure from the presence of 
clay: but they are still distinct in alternating shades of black, and may be seen in almost 
any hand specimen of the hardest anthracite, forming a delicate, though faint, banding of 
the coal. 

" In much of the bituminous coal of the Mississippi basin, a cross-fracture shows it 
to be made up of alternate lamlnas of black, shining, compact bituminous coal, and a soft, 
pulverulent carbonaceous matter, much like common charcoal. 

'* The coal itself varies much in character. In some regions, as in the Schuylkill (at 
Pottsville, Mauch Chunk, etc.) and Wilkesbarre coal-fields, at Peak Mountain, in Virginia, 
and in Bhode Island, it is of a kind called JnthracUe, which is non-bituminous, and bums 
with very little bluish flame. At Pittsburgh, and through nearly all the Appalachian coal- 
field, and in the other coal areas of North America, it is Bituminous coal, which bums 
readily with a bright-yellow flame. 

*' The bituminous coal is either of the ordinary brittle kind, breaking into lustrous 
angular pieces, or the compact Cantiel coal, distinguished by its firmness, slight lustre, 
conchoidal fracture, and the absence of any laminated structure. Cannel coal often 
graduates into ordinary bituminous coal. 

'* In many places, there are vegetable remains in the coal itself, such as impressions of 
the stems of trees, or leaves, or charcoal-like fragments, which, in texture, resembles 
charcoal from modem wood. 

'* Even the solid anthracite has been made to divulge its vegetable tissues. On exam- 
ining a piece partly burnt. Professor Bailey found that it was made up of carbonized 
vegetable fibres. 

"Pyrita (sulphuret of Iron) is sometimes disseminated through the coal-beds in 
nodules or seams, to the serious injury of the coal. Such coal crumbles down on exposure 
to the air, and gives forth sulphur fumes when burnt. Even the best of mineral coal con- 
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taixis tnceB of pyrites; and to thif ii owing the ralpbiir smell ordinarily percefyed from 
coal fires. 

*' 3. .&ofi-oret. — The iron-ore beds are usually from a few inches to 8 or 4 feet in tbick- 
ness. They contain the ore in concretionary masses or plates of a stony aspect. The most 
common bnt not most yaluable kind has a grayish^blue and drab color on a fresh surface of 
fracture, and differs from limestone in being unusually heaTy: this ore, called clay tron- 
tUmtt is an impure spathic Iron or ckatybiit. Another variety of irowUme is an inapure 
hemaJHU, affording a red powder. Still another kind is an impure limoniUt having a reddish- 
brown or yellowish*brown color, and affording a brownish yellow powder: beds of thlA 
variety are few, but widely extended, thick and valuable. 

" 4. Upper and Lower Coal Jf«u«rei.— The Coal measures are sometimes divided into the 
Upper and Lower Ck)al measures. The most convenient division is above the ' ]liIanim.oth 
bed' of Pennsylvania, as there is a marked change in the flora from this point. It lias 
been proposed to make the Mahoning sandstone the dividing bed, above the Upper Free- 
pori coal-bed, which is the third above the so-called Mammoth bed in the Pennsylvania 
series. Another great sandstone stratum, called the Anvil Bock, occurs in Kentucky, a'bove 
the twelfth coal-bed in the Kentucky series; and this has also been made a dividing stra- 
tum in the measures. There is nothing in the fossils that renders the subdivision at tliese 
places of geological imporiance. (Lesquereux.) 

" The great Anthracite region of Pennsylvania is largely Lower Carboniferous. The Up- 
per Carboniferous is present there (at PottsviUe,Shamokln and Wilkesbarre) up to the top 
of the Pittsburg group (Lesley) ; but the rest does not extend so far esstward. Th.e great- 
est development of the lower coal was in Pennsylvania; and of the upper, in the States 
farther west. The h^^hest beds in the series appear to occur west of the Mississippi, in 
Kansas, where they mei^e into the Permian. There are, however, according to McKinley, 
3,000 feet of barren Coal measures above the level of the Pittsburg coal, in the sonthivvest 
comer of PcDnsylvania and the adjoining part of Virginia, and it is not certain liow far 
upward they may reach in the series. 

" 6. Eqaivalency of the Appalachian and Illinois Coal Measures. — There is great difficulty in 
arriving at safe conclusions as to the equivalency of the beds in the different coal basins, 
because the beds of rock as well as of coal— even those that are the thickest — vary mucli at 
comparatively short distances over the country. Moreover, as the basins are wholly diB- 
connected, there is no chance to trace even a single stratimi from one to another. It is 
often assumed that the Appalachian and Illinois beds were once united, and were after- 
wards divided by the uplift of the Silurian about Cincinnati, and extensive denudation 
accompanying it. But it has been shown that this uplift probably antedates long the Car- 
boniferous Age ; and, if this were so, the connection in those latitudes is impossible. It is 
evident, therefore, that only the most general conclusion on the subject of equivalency can 
be accepted as established facts. The principal investigations on this subject are those of 
Lesquereux, who has brought to it a thorough knowledge of tbe coal plants. 

« The Coal measures of Pennsylvania and the States west include twelve to eighteen dis- 
tinct workable coal-beds, besides thinner seams, the number varying in different regions 
from certain beds being comparatively local. In this series there are two beds that have 
special prominence on account of their thickness and the wide range they are believed to 
have. 

" There are, first the Mammoth AntkracUe vein of Pennsylvania, which is the second or 
third from the bottom, not far from the Millstone grit. 

" Second, the Oreai PiUsimrg bed, the seventh or eighth above the Mammoth vein. 

" The following are the equivalents of the beds, according to Lesquereux: 

'< (1.) Mammoth bed (Second workable Pennsylvania bed) .—The bed at Leonards, above 

Kittaning, Pennsylvania {3H feet thick) , etc. ; Mahoning Valley, Cuyahoga Falls, Chippe^wa, 

etc., Ohio ; the Kanawha Salines; the Breckinridge Cannel Coal and other mines in Ken- 

tncky, the first (or second) Kentucky bed; the lower coal on the Wabash, Indiana; MoxriflB, 

' ' \ Illinois. 
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** (2.) J*itUburff bed (Eighth Pennsylvania bed).— Bed at WheeUng; the WeU ooal, at 
Mulf ord's in Western Kentucky, the eleyenth Kentucky hed. 

*' The 0€de and Salem bedi correspond to the Upper Freeport (or fifth bed Western Pemsyl- 
vania; Pomeroy coal, Ohio, situated below the Mahoning sandstone; the Curlew coal, of 
Curlew Hill, Kentucky, or the fourth Kentucky bed. 

** In Kentucky, fifteen or twenty distinct coal-beds exist. The eleventh is supposed to 
correspond to the Plttsbu^ bed, and the others are above it. Above the twelfth, there is 
the massive sandstone, 40 to 60 feet thick, called the Anvil Rock, from the form of two 
masses of it in Southwestern Kentucky. Six or seven coal-beds occur above the Anvil 
Bock, in about 600 feet of rock; bat they are very thin; the whole amount of coal in this 
thickness is about five feet. (D. D. Owen.) The thickness of rook in the Goal measures 
below the top of the Anvil Bock is about 1,000 feet, and of the included coal-beds about 40 
feet; making, in all, for the western Coal measures of Kentucky, a thickness of 1,600 feet, 
in which are 45 feet of coal. 

" 6. Sections of the Coal Jfeoiurei.— In Western Pennsylvania, the western Goal measures, 
to the top of the Vp-pex Freeport Goal, inclusive, consist, according to Lesley, of the fol- 
lowing beds. (Manual of Coal and Topography, by J. P. Lesley, 12mo. 1866. Philadelphia: 
Lippincott & Co.) The numbering of Lesley by the letters of the alphabet is added; and 
also that by Lesquereux (the latter in parentheses) , as made out from a supposed parallel- 
ism between the Kentucky and Pennsylvania beds: 

ncBT. 
Millstone Grit T 

1. COAL No. A, with 4 feet of shale [1 A] 6 

2. Shale and mud-rock 40 

3. COAL No. B [1 ^]. (Equivalent of Mammoth bed) ^ ... 3-^ 

4. Shale, with some sandstone and iron-ore 20-40 

5. FOSSILIFKBOUB LiMBSTOKB 10-20 

6. Buhrstone and iron-ore l-13i 

7. Shale 26 

8. COAL No. 0. The Kittaning Gannel (equivalent of the Cannel of Peytona, 

Virginia, and Darlington, Pennsylvania) . [2] 83tf 

9. Shale— soft, containing two beds of coal 1 to 2 3i feet thick 76-100 

10. Sandstone , 70 

11. Lower Freeport COAL bed No. D [3] 2-4 

12. . Slaty sandstone and shale 60 

13. Limestone ft-8 

14. Upper Freeport COAL, No. E of Lesley [4] 6 

15. Shales 60 

• 
" The Upper Coal mecuura are oontinued in Western Pennsylvania, to the Pittsburg coal 
inclusive, as follows: 

TEST. 

1. Mahomiko SAN1>8T0NK 76 

2. COALNo.F[6] 1 

3. Shale; thickness considerable ? 

4. Shaly sandstone 30 

5. Bed and blue calcareous ma rls 209 

6. COAL No.GLC] 1 

7. Limestone, foBsiliferous 2 

8. Slates and shales 100 • 

9. Gray, clayey sandstone 7 

10. Bedmarl 10 

11. Shale and slaty sandstone 10 

12. Limestone, non-fossiliferouB 3 

13. Shales.. 32 

14. Limestone 2 
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15. Bed and yellow Bhale 12 

16. LimeBtone A 

17. Sliale uid sand SO 

18. Iron-ore (spathic) 26 

19. Limestone 1— IH 

20. Pittsburg COAL. No. H of Lesley [11] 8-9 
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The upper part of the Upper Coal meatvret (above the Pittsburg bed) in Western Penn- 
sylvania (WiqmeBbuxg, Qreene County), according to Lesley, includes, commencing below 



1. Shale, brown, ferruginous and sandy 30 

2. Sandstone, gray and slaty. 25 

3. Shale, yellow and brown 20 

4. Limestone^the Ghreat Limestone south of Pittsburgh (including two GOAL beds 

2 ^ feet and 1 foot 70 

5. Shale and sandstone 17 

6. Limestone ,.... 1 

7. Shale and sandstone 40 

8. COAL 6 

9. Shale, brown and yellow 10 

10. Sandstone, coarse, brown 85 

11. Shale 7 

12. COAL 1)6 

13. Limestone 4 feet, shale 4, limestone 4, shale 8 15 

14. Shale 10 feet, si^dstone 20, shale 10 40 

16. COAL ,. 1 

16. Sandstone (at Waynesburg) , with 4 feet of shale 24 

" Sections of the strata of Kentucky, Missouri, Ohio and Michigan will be found in the 
Geological Beports on those States, and others of Nova Scotia, in Dawson's Acadian Cteol- 
ogy, and the Quarterly Journal of the Geological Society, 1864, page 60. Mr. Lesquerenx 
has published a memoir on the equivalency of the coal-beds of the United States in the 
Geological Report of Kentucky. 

*' The relations of the sandstones, limestones and shales that alternate with the coal-'beds 
over the wide region stretching from the Appalachians west, are but partially understood. 
Although these strata seem to be generally limited in range, there is still an equivalency 
to be ascertained for the whole succession. The rocks, as in other ages, are consecxitiTe 
records of the events of the period; and, until fully elucidated, the history of the Ameri- 
can Carboniferous era will remain imperfectly known.' 
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Above this Paleozoic Time, and these Carboniferous Ages, tbe 
Mesozoic Time, or Eeptilirfn Age, follows, embracing the Trias- 
sic, Jurassic and Cretaceous Periods, . which are respectively 
composed of the Trias, Lias, Oolite and Wealden; and the 
Greensand, Lower Chalk and Upper Chalk, with Flint forraa- 
tions: and, lastly, the Cenozoic Time, or Mammalian Age, -with 
its Tertiary and Post-Tertiary Periods of Eocene, Miocene and 
Pliocene. The Post-Tertiary formations, as before stated, should 
be avoided by metallic miners. 

It will be interesting to notice the succession of deposits above 
the first Azoic secondary primitives' hardened surface, which 
will be much facilitated by referring to Webster's Pictorial Die- 
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tionary of 1870, where these strata are illustrated and explained 
under the word " Geology," page 566. The first formation is 
that of the peculiar rocks of the Potsdam sandstone, the first 
Calciferous sand-rock; then the Ohazy, Flag and Bird's-eye lime- 
stones, not the XJtica shale and Hudson Biyer Group. These 
were probably formed during the cooling from the warm to the 
tepid water periods, by almost entirely chemical precipitation of 
carbonate of b'me, in comparatiyely quiet and small, but, from 
condensation, rapidly increasing oceans and seas. Thus — ^favor- 
ing a theory which has been fully described — the ocean water, 
when overflowing all the lower lands of the world, was urged 
with acceleraiion forward by the moon's attraction, thereby round- 
ing and sweeping the larger Oneida conglomerate rocks into the 
hollows and flats. The ocean beds, by straightening, or sinking, 
must have caused the withdrawal of the water from the land 
after this period; so that the continenidl barriers controlled the 
action of the moon, and re-obtained a mere tidal oscillation and 
a more tranquil state of the wateiB. Again, sandstone (the Me- 
dina) appears, as a recurring precursor to a new series, and 
recorder of a change of water-level, in which the succeeding 
Clinton and Niagara groups, Saliferous beds, and Helderberg 
groups, were deposited. 

This is to be noticed for first evidence of salt in the Saliferous 
beds, which may have been supplied from the formation of chlo- 
ride of sodium of the oceans, after the chloride of lime had been 
precipitated, or as the water released salt from a colder solution, 
which it had not previously done during the Azoic Time. Again, 
another changing of the water-level is recorded by the Oriskany 
sandstone and the Gauda-Galli and Schoharie grits, which re- 
ceived the deposits of the Upper Helderberg limestones, Marcel- 
lus shale, Hamilton group, Genesee slate, and the Portage and 
Chemung groups. Again, the Catskill red sandstone covered the 
Devonian Age of fishes, and underlay the Sub-carboniferous 
mountain limestones, which are of great depth, and occupied a 
whole period for formation. Again is evidenced, by the general 
Millstone giit formation that preceded the coal deposits, a more 
extensive action of water than any since that of the Oneida con- 
glomerate. On this Millstone grit the thin layers of the under- 
lying strata of the different, similarly produced, succetaive coal 
measures have been deposited. Some authors have stated that 
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the vast quantitiea of gravel, mud, and sand, which have been 
washed down from the mountains into the plains and ocean beds, 
have caused these depressions; but they fail to say anything 
about their displacing an equal bulk of water, which must elevate 
its surface and consequently cause an almost corresponding 
overflow of the land. 

These more reoenjb throes, or shifts of the earth's surface, have 
been so varied, in innumerable localities, that a thousand geolo- 
gists would fail, during the collective labors of their lives, to 
fully expose the subject. We may, however, easily perceive that 
a slight depression of the more extensive ocean beds would cause 
the waters to recede from the much smaller areas of the low- 
lands, and that a drop of but a few feet of the mountains would 
again submerge coal-fields, for a repetition of the process. That 
such has taken place, repeatedly, is as certain as that at this time 
it is slowly changing the level of hundreds of miles of the South 
American continent. It is probable that these irregular drops 
of certain portions of the surface were caused by the varying 
sequence of subsidence of the crust upon different points of sup- 
port previously alluded to, as now here, and then there; so that 
when another and greater area of the outer shell overlies a larger 
internal hollow than it will bear, it naturally crushes sideways 
and sinks to rest upon this particular spot of the inner globe. 
In the early times, the crust had not solidified, but to a compar- 
atively slight depth, and consequently, the settlings, or devia- 
tions of surface contour, to follow the contracting interior, 
were more easily accomplished than is the case now, with the 
deeply solidified and more thoroughly settled shell. '^ 

It may be doubted if extensive mountains, apart from volcanic 
action, have at any time really arisen, or increased distance from 
centre, seeing that their height, as compared with the radius of 
the earth, is but from two to five miles in 4,000, or less than one 
part in a thousand; the whole surface has settled much more 
than this, and the ocean beds, by sinking faster than the mount- 
ains, the latter, by lagging, only appear to be elevated. 

In view of these unmistakable facts — of the several growths and 



* The reader should fully understand and remember this principle of settlement, as I 
attach great additional consequence to it, for the establishment of some novel ideas, re- 
oi^rding the formation of veins as fully explained in the chapters on mineral veins, etc. 
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burials of the coal seams, with their similar anterior and posterior 
strata — ^it is far more natural to suppose that this difference of 
caniractional travel, or settling of the surface, had caused these 
changes, than the real uplifting of such extensive regions; in- 
deed it appears strange that so little difference existed on a con- 
tracting globe of such diameter, as the smallest metal globe 
shows, on solidification from molten to solid state, a very much 
greater disparity. The American continent, by lying so directly 
across the attraction of the moon, must have played a very im- 
portant part in these formations, as a trifling difference of down- 
ward travel of this land, and the adjoining ocean beds, would 
have flooded the whole of^ the lowlands of America, as Central 
America became the flood-gate or barrier of the world's waters. 
If the lowlands of Europe, Asia and Africa were submerged at 
the same time, the ocean would follow in uncontrolled, accel- 
erating, circumnavigating sway, in one direction after the moon; 
and even glaciers would vary their voyages accordingly, over 
such strangely abraded rouies as are now exposed* 

It appears from certain glacier and iceberg marks and deposits 
that the colder inhabitable middle latitudes have also been, at a 
not very remote period, much colder than now, and I think from 
increased area of dry land and the following reasons: 

It is more than probable that the Earth was first cast from the 
Su?i with its axis of revolution exactly at right angles, and that 
it Qontinued so, long after arriving at and circulating in its orbit, 
as it would not become a natural magnet until sufficiently cold; 
but as soon as any magnetic force existed, one pole would be at- 
tracted a little more than the other (in similar manner to the 
magnetic needle) towards the centre of gravity and attraction of 
the Universe, thereby gradually incUning the axis a ad producing 
summer and winter. That such especially designed attraction 
. exists is also proven by the fact that the distance of the Earth 
from the Sun is greater in summer than in winter. 

If this is correct, the northern places which once had unvarying 
seasons have gradually obtained a summer's Sun, to dissolve and 
disperse the frosts and snows of winter and foster life. 

The Carboniferous, or Coal Age formations, were also created 
and deposited much faster than we can imagine under existing 
circumstances, as the whole earth was once warmer than now, and 
the equatorial zone too hot for animals or land vegetables. 
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The waters and the atmosphere held in solution and suspen- 
sion amazing quantities of lime and carbonic acid, which in a 
manner forced into life, and fattened, the organisms that flour- 
ished in the congenial warmth and continual moisture that 
OTsrshadowed the alluyiums of the steaming earth, and its tepid 
waters; so that, in proportion to the necessity for its remoyal, 
it was as speedily accomplished, and its oxygen released for the 
ample support of animal life. 

" Prof. Willlun F. Boberts Mya: The coal Itaelf . eren where it ia moat abundant, consti- 
tntea but an inaignifloant portion of the whole thickneaa of the carboniferoas atrata of the 
ancient coal formation. Moat of the coal aeama ^eat upon an nnder clay, containing atig- 
maria, the foaail rootleta of the plant called aigiUaria. Profeaaor Ooppert examined the 
coal-flelda of Qermany and atated that he detected in beda of pure coal the remains of 
planta of every family, then known to occur, foaail in the coal. Many aeama, he remarks, 
are rich in siglUarla, lepidodendra, and atigmaria, the latter in auch abundance as to ap- 
pear to form the bulk of the coal. In aome placea almoat all the planta were calamltes, in 
othera fema. Tn a cut for a railway ta Lancaahire, England, in the diatance of 100 feet, 
aiz foaail treea were dlacoyered, standing in vertical poaltion to the dip of the atrata, which 
waa 16 degreea aouth. The roota were imbedded in an axglUaceoua ahale underlying a aeam 
of coal about eight inchea thick. Beneath the coal aeam and around the base of the treecs 
more than a buahel of foaail cones, auppoaed to be the fruit of the lepidodendron, were 
gathered. In the oarboniferoua atrata of Ooalbrook Dale, and in other coal-flelds, these 
fossil cones are met with, some of which are live inchea long. One of the treea found in 
the cut measured 16)i( feet at the baae and 73tf feet at 11 feet, ita diacovered height. In the 
Newcastle, Bristol, and other ooal-Aelda, theae vertical atems are caUed by the miners coaI 
pipes. Theae cylindrical casta of fossil trees now forming solid aandatone, after the coalis 
mined from underneath aometimes alide auddenly down and cauae fatal accidenta. The 
cliffs, known as South Joggins, on the coast of Nova Sootia, afford admirable sections of the 
coal betfing strata, containing fossils of the forests of the carboniferoua period. lisrge 
tmnks of trees are seen standing at right anglea to the dip of the aandatone atratum, showing 
that they were, before thia atratum waa depoaite4. atanding in an upright poaition; now they 
incline at an angle of 60 degreea from the vertical line. The vertical height of these cUft 
ia from 160 to 200 feet. At low tide a fine horizontal section of the strata is exposed to view 
on the beach. Lyell and Dawson, in 1862, made a detailed examination of one portion of 
the strata, 1,400 feet thick, where the coal seams are most frequent, and found evidence of 
root bearing-soils at 68 different levels, clearly showing 68 fossil forests, ranged one above 
the other, in this coal-fleld in the above mentioned thickness of strata." 

The accompanying map of the Coalbrook-^ale Coal-field, En- 
gland, from the surveys and drawings of Marcus W. T. Scott, 
F. Gr. S., Mining Engineer, will yery fully illustrate the actual 
present positions, and the varied shifts that have occurred since 
the growth and original deposit of these extensive coal measures. 
It exposes, to a remarkable degree, the wonderful commotion 
that then existed in a country that has settled into complete 
tranquility during the historical ages, and shows the differences 
of the consecutive intervening strata, as compared to the Amer- 
ican measures. 
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During the subsequent and historical periods, the crust of the 
Earth had attained a sufficient thickness of cold and solid mate- 
rial to resist this hitherto irresistible side compression, that 
caused the first innumerable corrugations; then partial volcanic 
action invaded certain regions, to reHeve the interior from pent- 
up gaseous elements, which, forcing out considerable fluid mat- 
ter, through the few, somewhat distant, and restricted discharge- 
holes, these mountains arose, as the ejected matter solidified 
and built them. 

The angulosity of the surface has been greaflj modified since 
these water depositions, by the long continued and powerful ac- 
tions of the winds, in the distribution of impalpable mud and 
sand, which by having the surface occasionally wetted by rains, 
it hardens into such palpable and permanent layers, as to some- 
times closely resemble the actual water stratifications of the more 
regular formations. 

** Ajid Qod said, let its make man, in our image, after our likeness: and let them have 
dominion over the fish of the sea, and over the fowl of the air, and over the cattle, and 
over all the earth, and oyer every creeping thing that creepeth upon the earth." 

Qenesitf chap. I, verse 26. 

<* Thns the heavens and the earth were finished, and all the host of them." 

Oenuitt chap. H, verse 1. 

* Those who may still donht the elTects of this lateral pressnre, after the reasons given 
in these Chapters, should know that no other force can equal the side-abntting power of 
• these vast spheroidal arches, as they edge down upon the hotter , and therefore more contract- 
able interior globe, as it is not only difference of speed but capacity for greater oorUraction', 
and no man will deny that the hotter will contract more, within the colder and consequent- 
ly, more or less, hoU^noed theU. 

These vaults may, even now, be irregularly increasing under millions of square miles, 
until the colder and more rigid crust will again be so urged by gravitation as to lateraJJ/y 
enuh and crumble its side borden, for subsidence upon increoied rests and over less of the 
underlying non-supporting cavernous areas. In other words, it is the constant struggle for 
equilibrium between the single force, of gravitation, and the combined resisting and retarding 
forces, of side aJbtOment and partial underlying andmore or less solid, plastic and gaseous supports. 

In this thickening of the mountainous portions of the crust, the regular increase of heat 
with depth, of say 1° in 50 feet, would make the base-level of the Andes at least 300° and 
at only a similar depth beneath, more than 600°, so that plasticity would be sooner attained 
under mountains than elsewhere, and thus aid in the upper works of Jumbled corruga- 
tions of the cold and crisp, surface crust, as the simple weights of the comparatively small 
mountains would be but mere feathers over such inconceivably enormous lateral forces. 

Therefore, when ike sise and consequent force of graoitation, of cooling globes, exceed their 
inherent strengths against lateral crush and transformation, a jumbled, metamorphosed and corru- 
gated surface, m'll invariably be the visual resuU. 
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CHAPTER IV. 



AT7EIFEB0US AND STANNIFEBOITS GRAVEL DEPOSITS, ETO. — ^MODES USED 

FOB BXTBAOnNG GOLD AKD TIK. 

These deposits have been accredited to the ancient water- washed 
bottoms of rivers, but I will endeavor to give reasons, for placing 
many of them, at least, to the account of the more comprehensive 
disintegrations of debris as caused and concentrated under tidal 
actions and the surging waves of receding oceans. 

It will be admitted by all close observers of mountain forma- 
tions, that in many places of even extreme altitude, water washed 
pebbles and salt water shells expose every necessary evidence 
that the ocean has, at some remote period, overrun such por- 
tions of land, and therefore it would be absurd to suppose, that 
the effects of its disintegration and concentrations of the harder 
rocks, would not remain upon the slowly vacated declivities, 
intervening such high and dry portions and the present ocean. 

The principal changes produced by such receding waters wouli 
be the breaking up and distribution of enormous quantities of 
the surface rocks of mountains by the dash of waves upon the 
shores, which the tides would naturally and continually convey to 
fill the creeks, basins, and plains, at lower positions beneath the 
water, near the sinuous coast. During this extensive crushing, 
an almost complete separation of the harder stones from the 
softer portions of the original bed rock would be accom- 
plished, and the former, notwithstanding the water's crushing 
force, would remain at, and near the shore, as gravel beds, 
while the latter being softer and more impalpable, would be 
held in mechanical suspension and pass far away in the water 
to precipitate and re-form into much more extensive deposits 
of secondary rocks. The gold and tin oxide with platinum and 
similar metals, being heavy and permanent, would, under such 
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agitation, soon settle to the bottom beneath the hard but much 
reduced boulders and pebbles of blue and white quartz. 

Similar effects would be produced, as the water front, with 
much of its grayel, receded to the transverse spurs and foot hills 
of the mountains, and filled the submerged creeks and inlets 
with its debris. 

Whilst this was being accomplished the Tarious mountain 
streams would be also discharging gravel sand and mud into the 
ocean, which would be distributed along its shore by the surf, in 
somewhat parallel lines to the mountain itself; but as the water 
still receded over the almost level plain, this gravel would not 
follow it any further — because so very flat — and therefore, 
excepting the small quantity transferred by the mountain rivers, 
the gravel of this outlying and more remote bed must have been 
produced closer to where it now lies. 

It will be most interesting to notice those natural and exten- 
sive parallels to artificial methods for concentration and collec- 
tion of gold and tin for assay; as seen in the heavy water-worn 
washings from the alluvially formed gold and tin deposits of the 
world. The gold fields of California, which mostly lie upon the 
lower portions of the western declivities of the Sierra Nevada, 
may be taken as an example to show the general principle on 
which all others have been formed and washed into position; as 
every illustration can be seen here of such formations. This ex- 
fensive, much distorted and corrugated frontage was once entirely 
submerged by the Pacific Ocean, and subsequently invaded in a 
somewhat irregular manner by various elevating and depressing 
intermittent movements of certain portions of the whole, by the 
powers created by nearer approach of subterranean fusion and 
irregularities from the Earth's contraction. 

Now, we will suppose that the first upward motions were inter- 
mittent, and that a few thousand feet only of general elevation of 
the country changed height at once, whilst great variations of ele- 
vation would occur at some places as compared with others; and 
that, during this period of uplift, the gold had been formed, as 
suggested in Section I, Chapter YII, or in any other manner. 
During the long periods of comparative stability of the country, 
the rivers flowing from the higher grounds would, by disinte- 
grating the various strata, wash the nuggets of gold thoroughly 
clean, and which, being much heavier than all the other debris. 
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would be thereby concentrated, and remain on the front beaches 
or in the hollows and bends of the inlets, ravines and riyers 
until found and extracted by man. 

Whilst this disintegration and concentration was being effected 
by rains, rivulets, and rivers, another not insignificant action was 
being accomplished by the powerful wash of the ocean on the 
ancient, but now elevated shore, as urged by innumerable gales, 
the breaking waves expended their gigantic strength on the 
crumbling strata, and which released the still remaining gold, 
boulders, pebbles, and sands. 

Another uplift would form a second line of auriferous, pebbled 
shore; as would a third, fourth, etc.; and, lastly, that of the 
present hour, as the beach at Gbld Bluffs, etc., etc. 

The rivers that washed the gravel into the transverse courses 
towards these now terraced beaches, and the ocean, would be 
much less liable, than siLch which were governed by height, to ma- 
terially change their courses or posiiions, unless compelled to do 
so by sudden intrusions of igneous overflowings, which doubt- 
less sometimes prevailed. 

If the ocean should again recede from the western slope of the 
Sierra Nevada, the Sacramento Eiver would still flow through the 
''Golden Gate," or present river's mouth, in its prolonged course 
to the new embouchure into ocean; but the Seal Bocks, and ser- 
pentine beaches on either side, would be elevated to high and 
dry occular demonstrations of such change of level; which, how- 
ever, would not be so clearly recognized if again buried by allu- 
vium from ocean waters under repetitions of submergence and 
emergency. 

All of these ancient beaches, inlets, ravines and rivers must 
have been, at a subsequent period, again ovepiin by the ocean 
for a very long time, and then more regularly elevated; for the 
whole labyrinth is now covered with varying, and in some places 
great depths of alluvium, that could not have been formed in 
any other manner. 

The Sierra Nevada extends for some 400 miles in length, and 
has an average height of not less than 6,000 feet, opposite which 
these gravel deposits lie, and run in a north-northwesterly direc- 
tion, through several large counties, at about 150 miles distant 
from and parallel with it and the sea-coast. The greatest breadths 
and depths of this belt of gravel lie opposite the largest areas of 



metallurgists' companion. 57 

mountain wask^ and it does not extend mtwh beyond eWier end, 
as a liver would have certainly deposited it. 

It may be well to notice here, that during the Ages when these 
formations were being washed into position those '* Tidal " 
waves described in the theories of Chapter Y — as caused by sub- 
aqueous volcanoes and sudden subsidence of the ocean bed — 
would be much more frequent and powerful than now, and may 
have played a very important part, in forming and distributing 
the gravel, over the extensive flat ground, between the ocean and 
the mountain, as these terrific waves swept forward and backward 
over the shallow waters. 

Too much has been credited to river bottoms, and crossings of the 
one over the other, vxith intervening alluvions; and too little to the 
more natural water-^washed and weaiher-bealen sinuous shore of 
capes, bays, gulfs and creeks, across the ancient beaches of which 
the modem rivers flow into the ocean. 

Transverse terraces of such are found not only here but in 
many other parts of the world where neither ancient nor modem 
river beds exist. 

The general average north -northwesterly parallel bearing, 
and close proximity to the Sierra Nevada, the great length, 
breadth and depth, and consequently vast quantity of the gravel 
deposits of Califomia greatly favor the idea of its being rather 
the mighty work of the ocean than a river. 

The enormous gravel deposits fronting the mountains of nearly 
the whole of the North Pacific xsountry, from Lower California 
to Alaska, and across the continent to the Atlantic, show that 
they cannot have been deposited by any river or rivers. 

The gradual flowing or ebbing of ocean waters will also dis- 
tribute gold or tin stone over the whole surface of a country, and 
leave those unmistakable evidences of such works in the shape 
of innumerable botdders and pebbles, amidst the auriferous and 
stanniferous sands. 

Thus far, the ancient ocean waters had been disintegrating, 
rounding and distributing these deposits; but at some less remote 
period, volcanic fire played a no less important part, and dis- 
gorged an enormous amount of molten lava over a vast region 
extending for hundreds of miles in all directions from the east- 
em part of the State of Oregon. This startling outflow of lava 
must have proceeded from a vast fissure, as the quantity is 
almost beyond credence and volcanic cones are scarcely seen. 
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It appears that this molten lava must have ran southerly just 
in front of the ocean, guided on the one side by the higher 
shore, and restricted on the other by the cooling effect of the 
water, and thus directed, it extended oyer the top of nearly all 
the gravel claims of California, as it is inyariably present, either 
as a coTering cap or amongst the distmrbed gravel. 

At a still more subsequent period the modem streams from the 
mountains have cut their seaward ways transversely through 
these beds of gravel and lava, and in many instances eroded 
channels, hundreds of feet deep, into the original underlying 
bed-rock, thoroughly exposing the various layers of lava, gravel 
and rock, for the miner's examination. 

These fast running streams have formed, and are still forming 
and conveying, what may be generally termed, secondary right 
angled, or present rivers, auriferous bottoms; which are being 
profitably worked by different suitable methods. 

It is probable that this ocean beach auriferous gravel alluded 
to was in position before many, if not all of the quartz veins 
were fractured and filled, for the reasons given in the chapters 
on veins, and that most of its gold never resulted from the veins. 

Placer gold is found either lying on the surface or slightly 
covered by earth or gravel in higher positions than those deposits 
described, frequently on high benches, and even on the very tops 
of considerable hills, where it would be simply absurd to sup- 
pose that it had originated from veins. 

For the above reasons, and the facts that veins are mostly 
absent, and do not contain the same kind, shape, or quality, or 
anything like a suficient quantity of gold, for supplying that in 
the gravel, whilst platinum, and other infusible metals, also 
soluble in chlorine, are found in gravel deposits and never in 
veins, I think that most of this gold was either washed out 
from the mountains during disintegration, or has been precipi- 
tated from its chloride solution by sulphate of iron or some 
organic substance to aggregate upon the surface, and get 
rounded during the subsequent agitation of the gravel. 

The alluvial "Tin streams" of Cornwall, England, differ from 
the *' Gold fields " of California, in having very much less quan- 
tity and depth of gravel. 

The oxide of tin from this source is always pure and very 

different from vein-tin, which contains impurities of sulphur, 

/ 
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arsenic, etc. It is remarkable that tin is also soltible in chlorine, 
and is found in the alluyial deposits of Banca, where yeins are 
not supposed to be present in the mountains. 

See chapters on Teins and the ideas on the formations of 
these metals. 

MODES USED FOB EXTBACKTINO GOLD, OXmE OF TIN, ETC. 

The systematic means used for obtaining gold from alluvial 
formations will be fuUj described in the Second Volume of this 
work, on Mining and Metallurgy, but it will not be out of place 
just here, to show methods for ascertaining whether they are of 
sufficient value for being thoroughly mined. The Prospector's 
pan is a very efficient test for all kinds of gravel when used in- 
telligently, and you may still further enhance its value by pass- 
ing say the whole of a cubic yard of dirt through by repetition, 
and saving all the separate results in another vessel for collection 
by quicksilver, then burning and weighing the sponge of gold. 

Either of the convenient methods alluded to in the follow- 
ing descriptions of the different classes of gravel mining, may be 
used for still larger and more exacting trials. 

1. *' Placbb MiioNG. " — This is simply scratching the surface and 
chinks in the ground with pick and shovel and washing the gravel 
in pans, rockers, cradles, or flumes of various constructions. 
The gold is mostiy found on hillside benches, and on the sides 
of mountain streams, and each day's work tells the result for 
proflt or loss. 

2. "Deep Plaoek Mining" by Dbifts and Shafts. — ^This expensive 
mode has been sometimes adopted here, but much more frequent- 
ly in Australia, where the gold lies near the bottom of the 
deep diggings, which have no drainage for water or discharge 
for waste rock, and the hydraulic system cannot be made availa- 
ble. The means is simple in manner, but difficult of execution, 
as skilled miners are needed for sinkiQg shafts and driving, often- 
times dangerous levels, for the extraction of the remunerative 
gravel, which is drawn to the surface, and, if sufficiently loose, 
it is treated immediately by suitable water methods, and, if too 
compact, by battery. The mining, or rather the under minin g 
part, is not tmlike that for coal. 
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3. '' Biter Mnmra " — ^Is acoomplished in and by the river itself, 
in yarious ways, the most effectual being by ground-sluicing in 
the diy season, and what is called a "Wing-dam" in wet months. 
In the former, advantage is taken of the low water, so as to take 
the gravel from one part of the bottom, and ground-sluice it on 
another; and in the latter, the river is turned aside by the wing- 
dam, and the gravel taken from within its enclosure, after the 
water is bailed or pumped out, by shovelling the mass and thai 
from the crevices of the bed-rock, and then concentrating out the 
gold under water treatment by the " Hand pan," the *' Rocker," 
or "Cradle;" and by the "Long tom" or "Ground-sluice," when 
side water is convenient. 

The living rivers, or those now running westerly to the ocean, 
were first worked, and in following them up-stream, this immense 
transverse zone was discovered, but passed through without much 
examination, as they still followed the rivers to the foot-hill 
gulches, of the mountain, and then to the side benches, which, 
when they could be worked by water, were often found very 
profitable. As the rivers became exhausted they fell back on the 
gravel at the sides, and introduced better and more rapid wash- 
ing appliances, and thus they progressed step by step to increased 
numbers of workers and larger operations, until these rich places 
became scarce. 

These immense zones of gravel were tried next, more from 
necessity than desire, and found to be rich enough, in many 
places, to pay by shafts and drifts after the Australian method 
just described, and then the hydraulic system was cleverly used, 
and much that would not pay before, by the aid of capital and 
this much cheaper mode, produced still larger profits. 

4. ** Htdraulio Gravel MnoNa." — This really magnificent sys- 
tem for the rapid and economical disintegration and displacement 
of immense beds of more or less concentrated auriferous gravel, 
was first devised and practically applied in California, but I 
regret to say that I had considerable difficulty in obtaining the 
name of the man, as he (like Marshall and Comstock — the dis- 
coverers of gold in California, and silver and gold in Nevada) 
has been sadly neglected by those few whom he has directly 
enriched, as well as by the millions of his fellow-men indirectly 
benefited by very determined and useful energy and practical 
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»M11. I am informed by Mr. B. B. Craig of San Francisco, tiiat 
ftfr. Edward Mattison was the first to apply the power of water 
For such a purpose under a sixty-feet head of pressure, as passed 
[lurough a small nozzle of at first only three-fourths of an inch in 
iiameter, on a gravel bank at the American Hill Mining Claim, 
situated about one mile west of Nevada City, Nevada County, 
California. Mr. Craig succeeded him, and has been more or less 
dngaged in similar operations since that time. 

The manner of applyinfif this means for disintecrration and dis- 
charge of gravel Sd retoining the gold is as^mple as it is 
sheap and effective, and without it millions of dollars would 
bave remained in situ, under low grade gravel, for ever. Con- 
ducting pipes are now sometimes used of three feet diameter, 
discharge nozzles of ten inches, under a head pressure of from 
100 to 300 feet, and thousands of miles of water ditches convey 
powers for hundreds of claims. The following natural facil- 
ities are necessary for complete success, and should never be 
despised: 

1. Sufficient amounts of gravel and gold. 

2. An ample quantity of water with adequate fall. 

3. That the water can be brought to the ground at a grade of 
not .less than nine feet per mile at sufficiently moderate expense. 

4; A good run or fall and space for the discharge of "Tail- 
ings;" or if an artificial "Bed-rock" tunnel can be excavated to 
command another better natural outlet for ensuing successful 
development by more rapid discharge of waste, through not less 
than a four per cent, grade of descent, to a convenient site and 
suitable fall into a basin or valley beyond, for receiving tail- 
ings or ^aste debris. 

5. That the gravel is not too much concreted or solidified 
into tough cement or has an excess of large boulders which must 
be passed aside by hand or broken smaller by blasting powder 
for running away through the sluices. 

6. The best paying claims vary, very much, in the mode of 
occurrence and quantity of the gold in the gravel, some having 
about two cents at the top and about a dollar per cubic yard, at 
the bottom; others have it all near to and upon the bottom. 



62 THE EXPLORERS*, MINERS' AND 






CHAPTEE V. 



NEW THSOBIE8 70B EABTHQUAXES, BTO. 

Many theories have been suggested for the cause of earth- 
quakes, and that of compressed steam — as created by high tem- 
peratures, in confined cavities — suddenly finding vent, has been 
generally most favored. 

It is not my intention to expose this, or describe the many 
others; but, as I cannot see that they could cause such peculiar 
motions and effects as we have been but too familiar with, I will 
offer some new theories, which appear more consistent, for the 
sudden presence of such powers, the astounding motions created, 
and terrible effects produced. 

FiBST Theoby. — In Chapters I and 11, it was argued that a 
sphere of the size of the earth, would first solidify at the sur- 
face, and that many extensive portions of the earth's outer shell 
are actually arching over immense subterranean vaults aboTe 
the inner globe, which may have numerous volcanoes with rivers 
and lakes of lava. Some of these may discharge from continual 
outlets, whilst others would, at this depth, occasionally burst 
forth with amazing strength, and hurl immense quantities of lava 
upwards, to strike the interior of the upper crust with sufficient 
violence to produce what are termed earthquakes. Now, the 
Andes and many others of the highest mountains have had their 
very summits studded with volcanic peaks, and it is well known 
that some of the mpre extraordinary throes of high surface vol- 
canoes have discharged thousands of feet above their apices, 
and covered extensive countries with their diminishing rocks and 
deltris; so that should this deeper and much stronger power be 
applied under an irregularly shaped stcUactUic hollow sphere, the 
central upward motion, so often noticed, would be first felt by 
the transmission of the blow, in a straight line to aU points, as 
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proTen by ordinary conoussioii; whilst 4he wave would diverge 
with varying undulations of this comparatively thin, unsup- 
jported and more easily shaken shell. A quick repetition from 
this same cenlre would create a similar wave, whilst other craters 
fof the vicinity, would at times burst forth simultaneously, and 
create the cross or conflicting waves sometimes noticed, when 
monuments and chimneys are twisted: or this varied action 
may be produced by several subterranean peaks bursting out, 
urged by the more profound common power, and from their dif- 
ference of elevation or speed of discharge, would strike at slightly 
different times and slopes, during such general bombardments of 
the outer stalactUie shell or surface crust of the earth. 

This would have produced similar effects to the severe surges, 
of forty seconds' duration, and those that intermitted for several 
days at San Francisco, in 1868. It does not follow that because 
some large vaults exist, that all the interior should be thus va- 
cated; for such cannot be so, as the daylight volcanoes do not 
act together, unless in close proximity. It is probable that these 
hollows are mostly formed between ihe subterranean rests of the 
mountain ranges and the gradually subsiding ocean beds and 
extensive plains. 

This theory possesses the advantages of tangible practical 
agencies which are known to exist, and conclusions founded 
upon substantial reasons. Volcanic action, once much more 
general at the surface than now, has naturally retired with de- 
creasing tem^Arature to its more suitable subterranean regions, 
to discharge into these vaults, leaving but a few external escape- 
ments, in the form of long dormant volcanoes; whilst others still 
discharge from the solid supporting points of the active volcanic 
mountains, through especially direct passages which communi- 
cate with the deeper interior. 

It is now about thirty years since that I had the good fortune 
of being on the upper cone of Mount Vesuvius at night, when 
its volcano was under comparatively slight action. We desired 
to see all that was possible, and ascended the upper cone to the 
very brink of the crater, which was then about fifty feet in diam- 
eter, with a red-hot lining. We stood on the hot rim of its-mar- 
ginal basin, which was about 100 feet in diameter, and, knowing 
what to expect, placed ourselves on guard and awaited the result, 
during a few minutes of deathlike quietness; when suddenly the 
mountain belched forth a terrific sneeze, accompanied by many 
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junks of irregnlarly shaped plasido lava of from the size of nuii 
to that of horses; most of which, after haTing ascended in a kind 
of fiery fountain, spread out and fell on the circular margin, and 
which we dodged by jumping aside, but others, bemg too heavy, 
just appeared above the orifice and fell back again. 

We waited for more of similar character, and again jumped 
aside from the falling masses, but after a little while the moant* 
ain gave such a terrific sigh that we scampered precipitouslj 
down the side of the cone to our guide, who had advised us nol 
to go up, and stood laughing at the base on an annular horizon^ 
tal space at the head of the lower cone, whence the lava ras 
down for miles on the other side of mountain. These terribk 
gusts were irregularly intermittent and lasted only a few seconds, 
being nothing short of explosions. The action of the mountaiii 
was, of course, comparatively mild at this time, or it could noi 
have been ascended. 

All volcanoes discharge more or less steam, and it has been 
therefore supposed that proximity to water is a necessity of theii 
existence, but the very rima of the oceanic basins where they geu' 
erally obtain outlet beyond its cold bed, have been, and are being 
formed, by that same compression which creates and sustains 
their heat, whilst the hydrogen of this water may have proceeded 
from the interior of the Earth, where under sufficient pressure it 
probably lies in liquid or solid state until it is by some means 
removed, to create — by its explosion — even the elective power, 
whilst the actual water from this internal sources-derived just 
like that of the ocean itself — ^was but the product of combustion 
•mtioL atmospheric oxygen, at or near the orifice. 

Since the first edition was published, where this was alluded 
to, the spectrum has proven that explosions of burning hydro- 
gen, are of frequent occurrence in the sun, where its peculiarly 
colored flame is seen to shoot out and upwards in vast volumes 
for scores of thousands of miles; which is a perfect demonstra- 
tion, that hydrogen must be a heavy liquid or solid under suita- 
ble conditions; for when freed it becomes the lightest of all 
the knovTn gases, and could not in such a state, descend, so as to 
burst, in this peculiarly wonderful manner, from beneath the 
burning mass of the sun. 

The fact of the existence of such hollows is least substan- 
tiated; but every thinking man, who has been accustomed to 
arthquakes, must know that such undulating waves as accom- 
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pany seyere shakes cannot be produced on a solid sphere, and 
that it is simply ^^urd and contrary to the observations and 
laws of contraction, even on a small scale with single homogene- 
Dus materials, to suppose that the still red-hot nucleus has ceased 
io contract because its surface is cold and solid. No man who 
credits the igneous theory can doubt that a hot interior of nearly 
3,000 miles diameter has contracted during refrigeration, and 
that, like smaller metallic globes, the surface becoming cold be- 
fore the interior, the extent of such cavities would be propor- 
tionate to the sizes of the contracting bodies. 
(See foot note at page 20.) 

The following statements will favor this theory: "About 
twelve months since there was a heavy rain of ashes and cinders 
ilong the northern coast of Norway, covering the ground several 
inches deep. Investigation revealed the fact that these strange 
tnaterials, coming from a northwesterly direction, like immense 
clouds through the air, were of volcanic origin. It was at once 
thought that there must have been an eruption of Mount Hecla 
in Iceland. A steamer was dispatched from Copenhagen, and 
that vessel returned from Eejkjavik, with news of an unpar- 
alleled disaster. It seems that the outbreak began on Christmas, 
and has continued since, with scarcely any interruption. For 
seven weeks before Christmas the inhabitants were terrified by 
subterranean noises like thunder, which extended through nearly 
two- thirds of the island. Early in January earthquakes proceeded 
from all directions, and at last an old extinct volcano, near Yatray- 
skud opened, and for four weeks continued to eject immense 
quantities of liquid fire, lava, ashes, and a boiling hot muddy 
fluid. The village and smaller hamlets and farms within a radius 
of twenty miles were all destroyed, and over a thousand peo- 
ple had to flee for their lives. 

** After four weeks this volcano ceased, but at that moment an- 
other extinct volcano, nearly a hundred miles away, near Myva- 
tu, sent its burning mass upon the peaceful habitations around. 
This eruption lasted for several weeks. The village of Myvatu 
became a prey to the fiery elements, and the whole country for 
more than 50 miles was devastated. More than 800 of the peo- 
ple are reported as having been rendered homeless. 

''Ten thousand people are said to have lost nearly all their 
6 
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poBseBsions, and the remainder, who live nearer to and among 
the coasts, some forty thousand in namber,-#re themselyes too 
poor to support such a Tast number of needy people. Several 
hundred persons are also reported to have perished. The world 
renowned Geysers have dried up since the terrible eruption be- 
gan, and instead of water, these mysterious funnels emit im- 
mense quantities of hot smoke and ashes, which, during the 
night, rising several thousand feet into the air, appear like gigan- 
tic columns of flameless fire, visible for hundreds of miles. It 
is said that no historic record of any volcanic eruption anywhere 
in the world compares with this, either in territory over which it 
extends, the number of newly-opened craters, or the time of its 
duration. The Copenhagen Government has issued an appeal 
for aid to the sufferers." 

Although this first theory suggested may account for the fre- 
quent strong actions, which occur at places, where the volcanic 
agencies are most concentrated, I am convinced that another 
principle of action must cause the isolated shakes which are 
oYscasionally felt, in all formations, throughout the world. 

Second Theory. — Based on the following axioms: 
The surface is colder than the interior. 

Difference of temperature cannot exist without corresponding ine- 
quality of motion, during general contraction, as produced by refrig- 
eration and gravitation, and described in past chapters. 

This unequal speed of shrinkage of sections in contact, must pro- 
duce great compression, violent jarring, with much friction^ and 
consequent increase of heat at such places. 

In the first, second, and third chapters of this section it was 
demonstrated, that the gradually cooling globe would first 
solidify at and near the surface, and that the hotter more plastic 
and molten interior, in lessening its diameter, would leave this 
shell to resist the enormously powerful action of gravitation. 
This internal support being thus removed, the rocks of the crust 
were insufficient to bear the prodigious side pressure thus 
created, and the solid surface crumbled, or became under pres- 
sure again plastic, at the lines of least resistance where the cor- 
rugations of mountains and valleys were formed, so that 
such enclosed surface would then settle down to rest on the 

'erior as before, until a repetition ensued. Now, in modem 
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times, this shell has become so thick that it almost sustains itself, 
although slight changes are still occurring, and at Tery remote 
intervals of time, more calamitous subsidences may yet greatly 
astonish mankind. 

Before entering upon the particular principles of this second 
theory, you should in addition to the above effects of apparent 
upheaval and aciucd subsidence, produced by contraction and 
g-ravitation, fully understand another resultant motion, which must 
have always occurred at the moment when the mountsins were 
suddenly forced into shape by the surrounding lateral pressure; 
which is that of the equally sudden movement of the unchanged 
adjacent country and its mountains, towards the aggregated and 
thickened compressed mass of new mountains thus formed. The 
total extent of this circumferential motion will also be more than 
thrice that of the diametrical contraction of the interior. 

With these facts before us, we will suppose that at a suitable 
depth, where the rock has also soUdified, an inner hollow globe 
is now undergoing similar changes from contraction, etc., and 
forming subterranean mountains; so that when a mountain range 
is thus crushed and thickened by this astounding power, the ad- 
joining side ranges, by advancing towards the crushed plastic 
mass, would rub violently against the irregular stalactitic interior 
of the outer shell, and thus produce the pecuHar side sways and 
oscillations of earthquakes. 

Other consequent effects of this pressure may be, the creat- 
ing and sustaining volcanic heat, and causing the metamorphism 
of rocks, 

Thibd Theobt. — ^It has l>een stated at the commencement of 
this Chapter, that steam suddenly finding vent from confinement 
under great pressure in cavities has been favored by scientists, as 
the leading cause for earthquakes, but I am not aware of any 
one having yet expressed the following ideas, also indirectly de- 
pendent on confined steam, but from the entirely different cause, 
of instantaneous condensations occurring beneath those portions of 
the surface of the earth underlying oceans and inland seas. 

It has been, for various reasons, strongly urged in this and 
preceding chapters, that many extensive chambers must natu- 
rally exist, at no 'great distance beneath the surface, and that 
such would, for reasons also given, more generally He in front 
of mountains and under ocean beds or extensive plains. 
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We haye had many instances, in our time, of the ineffectual 
struggles and actual facts of sub-ocean yolcanoes really over- 
coming the vast cooling effects of even deep water, and building 
up large islands afbove its surface, and therefore no one can 
doubt that occasional craters or discharge holes are sometimes 
suddenly formed in the bed-rock of oceans and seas. The above 
facts being true it is certain that the deep water would descend, 
under its high pressure and rapidly condensing influence, with 
lightning speed, into the underlying vaults, and create, by this 
vast injection of water, an almost instantaneous relief of pres- 
sure, by vacuum, and a consequent shake of the hollow spher- 
ical crust. The condenser of the steam engine receives its water 
under far less powerful and effective circumstances. 

Fourth Theobt. — " Tidal waves," or those occasional but 
most destructive swells from the ocean which have sometimes 
devastated coast regions, may have been caused by the eruptions 
of subaqueous volcanoes suddenly uplifting the overlying water and 
propagating wave-circles in all directions, for, as stated in the last 
theory, the pent-up forces, after making many sub-ocean stifled 
attempts, would be ultimately forced beyond to the dry margins, 
to And exhaustive vent; or the sudden throes of the Earth's 
crust as produced by subaqueous ''earthquakes," may, by lift- 
ing portions of the surface, propel diverging waves to, less re- 
mote, coasts. 

Fifth Theory. — Some of these, so called, "Tidal wav^s,' 
may have been also produced by the sudden subsidence of com- 
paratively small areas of the ocean beds, causing the immediaiely 
overlying water to drop thereon, thus favoring a concentrating 
rush of the surrounding water, to rectify the original surface level, 
which after first forming a mound of water over the spot, would 
propagate, by reaction, circles of waves in all directions to 
opposing shores. 

Note,— SixxB. Theobt. " Volcanic force "—Volcanoes may not only have been created 
as previously Buggested, by the friction and heat from enormous lateral pressnre, as caused 
by the plains and ocean beds persistently edging their ways down, but the force for dis- 
charge may be also derived from these small but frequent intermittent settlements ; H 
when an enormous quantity of rock gravitates in one tolid rigid block, or mathematical uni 
of weight, tmdjust overlapsloTjaimlaterally againatt a small /ractionoi area of gaseous, liquid 
or plastic matter, this excess of power would force it rapidly through any connected crate: 
and high in air beyond, even when of equal or superior specific gravity; just as when tht 
end of a large " Flagstone " is laid upon a smaU and yielding rubber ring properly placed i- 

sonnection with a suitable tube, containing liquid mud, or even mercury. These elasi: 
ists may also be caused by the almost instantaneous oxidation or combustion of a V' - 
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CHAPTER VI 



FOBMATION OF **TBUE FIS8UBE VEINS " IN THE AZOIO AHD IIETAMOB- 
PHOSED PALEOZOIC BOOKS — OF CONYEBGIKa OB WEDOB YEINS IN THE 

CONYEZED UPPBB SECTIONS OF UPHEAVED BED-BOCK OF VEINS THAT 

ABE MORE OB LESS CONFOBMABLE TO THE OENEBAL' CLEAVAGE OF THE 
TILTED STBATUM, IN THE SEAMS OF WHICH^ GANQX7B, MINEBALS AND 

METALS, HAVE BEEN DEPOSITED OF VEINS THAT INTEBVENE AND 

SEPABATE DIFFEBENT STRATA, AS OBANITE AND SLATE, OB SLATE AND 
LIMESTONE, ETC. — OF OASH VEINS, CBOSS-COVBSES, SLIDES, DIKES, 
OABBONAS, BONANZAS, POCKETS, AND FLOOBS — OF IBBEQULAB SX7BLI- 
MATIONS, ALLUVIAL DISTBIBUTIONS, AND SEDIMENTABT DEPOSITS. 

TBUE FISSUBE VEINS. 

The formation of fissure veins is as much exposed to specula- 
tive theories as earthquakes, and even more difficult for solution. 
Although it appears probable that many of the true fissures were 
formed by the repeated violent concussions called earthquakes, 
yet .so many stumbling-blocks obstruct argument, that it appears 
impossible to proce^sd from this cause to the various effects 
produced, in the extensive systems of mineral veins. 

It is easy to account for one fissure being formed in front of a 
hill or mountain, in a line of least resistance, or even on the 
more regular plain, which has been thus accomplished in our day 
and locality; but when the ramifications of a very numerous sys- 
tem of veins are exposed before us, with their ever varying sizes, 
directions, dips, angles and spurs, intersections and crossings, 
both lineally and vertically, as they lie in strata, it is almost im- 
possible to explain this labyrinth of wondrous formations. 

It is probable, that as so many of the systems of mineral veins 
are situated in low fronts of mountains and hills, that such 
mountains, by continuing downward to the interior, as previously 
described, may, by forming the solid margin to the subterranean 
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hollows under the surface plains, create fissures at this hinging 
point, during the action of waves produced by earthquakes, 
as they fracture on arriving at the mountainous shore. 

Again, it may be that similar waves, proceeding from a more 
oblique centre, may have produced the diagonal veins and cross- 
courses; whilst the settling of the mountain during these shakes, 
from its superior weight, created the slides; and the direct up> 
heaval of igneous power, exerted immediately below, caused the 
fracture and filled the larger dikes with igneous matter. 

These powers would also facilitate the following effect: 

Beferring back to my theory of the ocean-beds or plains sink- 
ing faster, instead of the mountains being upheaved, I see no 
better cause for the formation of veins than that fact, for the sub- 
sidence ot the outlying plains could not occur without a simuUa 
neouSj transversely angled fracture at the centre of motion and 
weakest points just in front of the mountains, where fissures would 
be the reasonable result. 

This theory bears no resemblance to that of Werner, who 
thought that the mountains, and their immediate sides, may have 
settled unequally during hardening, from the aqueous forma- 
tion of the strata. 

My theory is founded on the idea of hard rocks being frac- 
tured by the enormous leverage of side weights from subsidence 
of plains or ocean beds, which may extend many thousand 
miles away in all directions.* 

Another probable cause for the formation of systems of lodes, 
etc. , suggested by the presence of igneous dikes, nietamorphism, 
and the numerous veins, with the crumpled and crushed appear- 
ance of the rock of such sections, may be illustrated by suppos- 
ing that a second heating of the cold and solid crust occurred, 
as caused by enormous lateral pressure of the earth's surface, 
just at these places, or from the near approach towards partial 
invasion of this particular portion of the surface by subterranean 
heat; for as the expansion caused by heat is unlimited, and all 
side extension was prevented by surrounding rock, the warmed 
portion would occupy the same space as before, and would shrink 
on cooling, in proportion to its extent and degree of warmth, to 

*Th68e new theories for the formations of mounfoifu, plaint, and v«tfM, by difference of 
sabeidence, and oonseqnent fracture close to the thick and strong mountain hinge, joist 
admirably together; and I see no better causes for explanation of how they are fractured, 
%nd why so often, in such positions. 
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form the yarious fissures, as large or larger below as aboye, and 
account for other di£ferences in the appearance and oiystaUiza- 
tion of rockSy peculiar to such districts. 

In this proposed theory, which I now adyance, the after ex- 
pansion would be the ruling power in the formation of fissures; 
and, consequently, at the time each yein was fractured, the line 
of contraction would be at or about right angles therewith, and 
the yariation of the position or extent of this second heat would, 
by causing difiEerent lines of expansion and contraction, form 
various fissures of correspondingly different bearings to those 
preyiously created. Earthquakes would only assist and modify 
these results. . 

This principle of the second warming, oi certain spots of the 
hitherto simultaneously cooling globe, has also been a leading 
power in upheaving whole districts of mounds and mountains 
in volcanic regions; and, in such positions, the contractions 
have also produced yeins during the second local and more 
speedy refrigeration; but the rock is of the wrong kind, or the 
base mineral elements are too much scattered and sealed by 
fusion, to be present in the veins, for the subsequent precipita- 
tions from the collecting solvents, as in the more ancient 
metalliferous strata. 

Veins have been occasionally fractured at the lines of least 
strength, by earthquakes, and opened by recedence of the 
outlying flat from a mountain's frontage; at other times, by 
fracture and subsequent divergence of the walls, as the rock was 
convexed during the uplifting of hills over igneous action, and 
by independent fractures which may extend for miles; but 
such formations, either from want of- age or traversing modem 
strata, have seldom produced profitable quantities of the base 
minerals. These three, last explained theories, are more satis- 
factory to me, than any heretofore, and they also conform to 
my other notions for creation of volcanic and metamorphic 
heats, by extreme lateral pressure, caused by the enormous lat- 
eral force of the earth's crust on itself during the irregular 
speeds of subsiding travel of the mountains and plains toward 
the centre of the globe. 

OOHVOBMABLE, COHVEBGnra, WEDOB, OB ** SEOBBOATBD " VBDrS. 

These very numerous and universally distributed veins lie 
between the divisions of stratified rocks, as gneiss granite, clay- 
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slate, etc. They are seldom of great length or size, and are 
always unreliable, as the wedge like space between the walls 
of the cleavage of the upturned stratum, must necessarily dimin- 
ish by becoming ^^^ and closer in depth. 

In gold and silver regions, with other conditions, they contain 
gold and silver, but are generally worked at a loss, when strictly 
conforming with the divitnona of the stratum. 

The largest and by far the most profitable veins are those 
formed by more extensive contraction, which by acting in a di- 
rection at right-angles to the general run of the mountain, or 
spur, (that caused the tilting of the slate,) fissures have been 
suddenly consummated by subsidence assisted by earthquakes; 
such veins, are, also, conformable to the cleavage of the stratum 
for short, suitable distances, but take a separate path in those 
more general sections that deviate in direction or dip from 
the lines of least resistance at the moment of fracture. That is, 
the plane of the fracture caused by subsidence and shake, 
although frequently swerved by cleavage, would invariably 
return to its own original course when more direct, which would 
always he the richer paying section of the vein, because it partook 
more of the principle of true fissure, and not only was enriched 
by the numerous feedings of several of the divisions of the 
stratum, during its diagonal passage, but it consequently held 
its size and quality for greater length, and depth. Too much 
consequence cannot be attached to these facts by the gold and 
silver quartz miner; for even here the advantages derived from 
deep and extensive fractures, which resemble the true fissure 
system, are most readily seen by comparison. 

Another example of converging or wedge veins would be 
where igneous action uplifted a small area, so that an originally 
flat piece of country became con vexed at the surface, when con- 
sequent fractures would necessarily form diverging walls from 
the centre of action, which were thus filled by sublimation 
of the oxides of base minerals and the deposition of various 
subsequent compounds. 

In such cases both the actions of divergent separation, and 
the after contraction of the warm district, were in power, and 
therefore the depth and size varied, with the distance from 
centre of motion. A remarkable illustration of this may be 
seen in the small foot-hillocks fronting the Trinity Sklountains, 

rabia District, near Oreana, Humboldt County, in the State of 
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Nevada, where there is quite a system of such yeins, which 
contain large quantities of argentiferous lead and antimony. 

OF INTSBYENINa YEINS BETWEEN DIFFEBENT 8TBATA, IN OLOSB 

OONTAOT WITH EAOH. 

It frequently happens that one stratum, or dike, or broad 
channel of rook, recedes very gradually from another, by force 
of contraction or settling of the adjoining plain, and the inter- 
vening space, in old formations, is afterwards filled with quartz- 
ose or other gangue, whilst the mineral components are obtained 
from the adjoining strata, and deposited by infiltration; or, when 
overlying igneous rocks, by intrusive action and sublimation, 
modified by after solvents and precipitants. 

In '* True fissure vein " districts, such are more generally 
despised than wrought; in fact, the more effective, deep contrac- 
tive action, that produced the true fissure veins, has, by thus 
using up this power, almost entirely prevented these formations. 
In numerous instances, where compact primitive rock mountains 
slope at a steep, regular declivity, and are fronted by broad 
belts of porous metamorphosed rock, a partial decomposition of 
the rock ensues, when probably the released alkali, being car- 
ried with the water to the more solid face of the mountain, meets 
and precipitates the minerals upon this water-tight foot wall. 

Silver and gold have been sometimes found in such positions, 
in ' very profitable quantities; but, for reasons that will be 
explained in chapters devoted to these subjects, although the 
vein will attain considerable size, it will possess no upper wall, 
or will the foot wall be regularly well defined, or the vein pro- 
duce sufficient quantities of base minerals to pay profits, to large 
mining companies. 

GASH VEINS. 

This class of veins may be found in all sedimentary deposits, 
and may be compared to the ordinary cracks that are to be seen 
in dried or contracted mud-beds, which over-lie another different 
formation. They^are caused by directly local shrinkage of the 
single stratum, as it dries or hardens by natural warmth of the 
atmosphere, or is baked by underlying igneous influence. 

Although each successive layer of particular stratum may be 
separately fissured, the veins never continue (unless by chance) 
from one stratum into the other, or extend for any great dis- 
tance; so that profits should be expected more from the number- 
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of such than from a single limited vein. Thin floors, or hori- 
zontal seams of mineral, generally prevail in the divisions of suoh 
stratum which frequently increase the supply. 

OBOSS-OOTTBSBS 

Are transversely fractured fissures, of more recent origin than 
the regular veins, on which those previously formed neces- 
sarily slide, to accommodate the varied contraction of the 
country that contains the whole system of veins, cross-courses 
and slides. They are, though poor and uninteresting within 
themselves, advantageous feeders for the mineral deposits of 
regular veins. 

Near the copper and tin veins of Cornwall and Devonshire, 
when in clay-slate, and more than one mile from the granite, 
the best lead mines are generally found, in cross-veins. 

SLIDES 

Are still more recent fractures, very uniform, and of smaller 
size than ''cross-courses. " They contain more clay, with less 
quartz and mineral, and are not so extensive. 

DIKES 

Are different to all these; generally much larger, and chiefly 
composed of a yellow or blue-colored feldspathic finely crystal- 
ized igneous rock, and although they have had a marked effect 
in mineralizing veins, they now contain little or none within 
themselves. 

OABBONAS, BONANZAS, POCKETS, FLOOBS, AND DEPOSITS. 

Garbona is a word much used in the west of Cornwall, for 
pockets of tin ore that are found on either side of the lodes in 
the adjacent country rock, which are connected with the other- 
wise mineralized veins by very small strings, vughs, or branches, 
which enlarge suddenly to form the carbonas. The expression 
is confined to such positions, and to the moi:e compact bodies, 
as offshoots from an otherwise generally mineralized vein; and 
not to branches, isolated pockets, or separate deposits. 

Although such have, been found all over Cornwall, they are 
more particularly displayed in frequency, size, and riches, in the 
^>stricts of St. Ives, and Lelant; where the otherwise moderate 
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ordinary profits derived from the lodes are sometimes increased 
to an extraordinary degree by these carbonas. 

These districts may be considered one, as they lie connectedly 
on the northern, eastern, and southern slopes, of a granitic cres- 
cent, formed by the several small mounds, Knill's Steeple, Bose- 
-wall, Trencrom, and Trink Hills. 

At the eastern end of Bosewall Hill, the Bosewall Hill Mine 
is situated, and these veins continue east into the St. Ives Con- 
sols mine, which has yielded large profits from the principal 
lode, as frequently assisted by numerous extraordinarily exten- 
sive ramifications of small but rich net-work veins, and these 
carbonas. One of the latter, happening to be under the house 
of a poor man, the dues (of probably but one-eighteenth of the 
total value) placed him suddenly in luxurious circumstances. 
These veins then pass through Wheal Trenwith into the sea. 

The next celebrated carbona mine is the Wheal Providence, 
on a parallel lode, situated about one mile south from this, 
wrhich runs from Knill's Hill into the sea; their profits and mar- 
ket value having been repeatedly influenced by similar discov- 
eries. The flanks of these hills have been much broken or crum- 
bled, and the rock adjoining the veins, is 'often found either 
decomposed or decomposing. 

The Bonanzas, of Mexico, are also unexpected prizes, having 
a similar but more extended meaning in mining, as they apply 
to all positions in stratum, both when attached and when de- 
tached from veins, and are much more important for gold and 
silver, as less space will contain considerably more value. 

Pockets lack veinous appearance and continuance, are of irreg- 
ular shape, and occupy all positions away from veins in the 
country rock. 

Floors differ from these by filling the spaces left between hori- 
zontal faces of stratum, or strata, and are often very extensive, 
and valuable, more particularly for coal, and iron ores beneath 
the coal measures. 

Deposits are such as must have been concentrated by the sub- 
limation, alluvial* water-washing, infiltration, or precipitation of 
considerable quantities of minerals, on a certain spot, or into a 
suitable receptacle of bed-rock. 

Those of sublimatum would apply to the volatile and condens- 
able minerals, as the deposits of cinnabar at. the New Almaden 
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and other Qnicksilyer Mines of California and elsewhere, which 
make in steatitic channels, dikes, or zones of rock, and not in 
proper yeins; and the sublimations of lead and antimony at 
the Montezuma Mine, already described. 

The aUuvial deposUs are the oxide of tin, and the gold, plati- 
num, etc., of placer and gravel diggings. 

Those of infiUrcUion and precipUaHon, will include all such as 
must, from the peculiarity of their bed-rocks, have been thus de- 
posited. 

The sedimerUal deposits will be generally found in horizontal 
layers, underlying, and more or less conformable to, the coal 
measures, as iron. 

There is still another class of veins which must not be forgot- 
ten, as they are equally well defined, and crop but too boldly, as 
embossed burlesques of all serums consideration of this subject ; re- 
minding us that man's knowledge^ of even the inanimate crea- 
tions of the Supreme Architect of the Universe, is limited. 

I allude to the veins, angles, and spurs; deflections, compara- 
tive bearings, and dips; junctions, intersections, and variations; 
contractions, enlargements, and pockets; cross-courses, elvane, 
dikes, and slides; with every variety of heave, shift, or slide, 
which are also present in those wonderful miniatures of the 
larger systems of veins, so frequently seen in the small water- 
washed boulders taken from the pebbled shores of suitable for- 
mations of all ages of rock, as well as similar miniatures in 
small stones extracted from veins. These could not have been 
formed by any means yet suggested, and it must be admitted 
that the law is utterly unknown that governs the creation of such 
minute fac similes of lodes, cross-courses, dikes, and slides. 

Silicic acid, and all the components of the other gangue 
stones, appear to be urged by some subtle power to aggregate 
and precipitate from solutions in ramifications with bed-rock 
matter, and on this small scale, to a much more general extent 
than in true fissure veins; and the question arises, whether or 
not the principle extends through all the intermediate stttges 
from the small to the large scale ? 

If contraction of the surface is the fabricator of small and 
large fissures, why are the intermediate stages not thus interlaced 
by fissures in similar rock? Again, why should the true fissure 

tricts alone exhibit this phenomenon on the large scale, whilst 
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all kinds of veins ahow, moreor Iobb, these featnrea in emaUsttmes, 
taken from such veiiiB ? It ia possible that the deep-seated frac- 
turing power peculiar to the true fissure system, by allowing 
greater freedom for more equal settlement, may thus arraitge its 
veins to resemble these miniatures in this particular, and that 
the remaining laws ma; work differently in small stones of veins 
and country. 
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CHAPTER VII. 



THB SUPPOSED ACTIONS AND BEAGTI0N8 THAT HATE BEEN AND ABE OONTIN- 

UALLY TAEINO PLAGE IN MINEBAL VEINS, POCKETS, AND DEPOSITS 

HOW MINEBALS WEBE FOBMED — HOW OOLD, PLATINUM, AND SIMIIiAB 
METALS, WEBE FOBMED. 

In the consideration of these subjects, we had better start from 
the period when the bcise metals^ and even the precious metals of 
to-day, were chloridized or oxidized by immeasurably long fusion 
and refrigeration, in presence of chlorine and oxygen from the 
atmosphere that surrounded the red-hot surface of the earth, as 
described in Chapter II. On referring to page 23, Chapter I, it 
will be seen that nearly half the weight of the ''bed-rock" is 
oxygen, still leaving a surplus in the atmosphere, and that these 
lighter metals and oxygen formed the entire primitive rock sur- 
face of the Earth.* 

Thus, everything of a fixed character was an oxidized or chlo- 
ridized metal, of low specific gravity. General ignition, and long- 
continued natural cqtuses, have produced, on this massive scale, 
precisely what might have been expected from the every-day ex- 
perience of the chemist; and fire supplied the world with sim- 
ilarly simple compounds — the oxides and chlorides of metals — 
which were more or less distributed throughout and over the 
primitive rock formations, thus providing for the more diversified 
future developments, when general reactions resulted at appro- 
priate times, under suitable conditions of pressure, and conse- 
quent temperature. 

Another favoring reason for this is, that the useful metals, 
being all much heavier than those that formed these rocks, could 
not have reached the surface, unless lightened by union with 



*If the base metals were chloridized, they would, being soluble in fresh and salt water, 
*" "mptly precipitated by many natural reagents, whilst the freed chlorine would unite 
ler suitable metals, and be again precipitated. 
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oxygen or chlorine into volatilizable states. None of the metals 
that immediately concern the miner ( although their affinities for 
oxygen were equally strong) formed such permanent rocky oxide 
compounds; but they may haye united with chlorine, as there 
must haTC been — ^before the chloride of sodium of the ocean was 
formed — a very large surplus quantity; or being more friable, 
they were disseminated throughout the rock, or sublimed into 
the dense atmosphere that then surrounded the hot surface of 
the Earth. 

These were undoubtedly the simple states of mineralization, 
whenr the Earth had cooled down to a low red heat, and the sur- 
rounding atmosphere was largely composed of chlorine, the 
vapor of water, the product of the combustion of hydrogen and 
oxygen, and carbonic acid gas, similarly produced by oxygen and 
carbon, during the world's fusion. Thus were oxidized even 
carbon and hydrogen. 

The next universal action that transpired was during the period 
described in the latter part of Chapter II, Section 1, when all the 
minerals that were soluble would have been dissolved from off 
the surface by the condensing steam, and conveyed to the hol- 
lows, thus separating the soluble from the insoluble bed-rocks. 

Some of the minerals that are now insoluble at ordinary tem- 
peratures, in water, would have been quite soluble then (at the 
high temperature under the extreme pressure described); and 
others, that resisted the hot waters of the period, would have 
succumbed to the extremely hot chlorine, or the alkaline solutions 
that followed, and were held therein until a lower temperature 
favored their precipitation, or union with other elements, at 
places where precipitants happened to be situated. 

It appears probable that, in this extensive oxidation of the 
metals, the oxide of sodium formed the greater part of soluble 
surface scum over the dry Earth, and chlorine gas would be in 
considerable abundance in the mixed atmosphere, or liquid chlo- 
rine under pressure, oy hydro-chloric acid, by hot explosive union 
with hydrogen, that would, in either case, be collected by the 
falling rain into oceans of chloridated water, in which many of 
the minerals would be dissolved; some would be precipitated by 
the soda, as it was washed from the higher grounds, and simul- 
taneously formed the chloride of sodium of the ocean and some 
of the oxygen of the air. 
Thus, the greater part of the primitive surface would have been 
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more or less oovered "with these many precipitations from ti 
oxides of the metals, whilst the interior, below the reach of thes 
solvents, would retain the original oxides, as first fused or sub 
limed. These may have been the ruling powers, because mos 
abundant; but, as all the agents and reagents of nature that fir 
released or expelled were present, each acted its part in the gen 
eral reassociation, more particularly during later and coldei 
periods, after the general reaction of carbonic acid had set in U 
precipitate from the ocean solutions its chloride of lime into th( 
purely chemical and inorganic carbonate of lime, secondary 
rock formations, which thus fixed and recorded the first evidence 
of the presence of carbon. At about this time, the first magne 
sian and magnesian lime rocks would also be deposited; then the 
Azoic calciferous slates and various mixtures, from the disinte- 
gration of primitive granite, when mineral oxides would be at 
the same time more or less disseminated throughout these form- 
ations, until the liquid agencies ceased to dissolve and convey to 
the ocean reservoir any considerable amount of mineral waters. 

This manner of distribution would deposit the minerals in 
diminishing quantities, as time passed away, and the later organ- 
ically and mechanically formed secondary rocks would conse- 
quently contain much less than those that were deposited during 
the hot Azoic, less tranquil times; and such is precisely the case. 

Thus, the minerals must have been jftrsi distributed throughout 
the rocks before the fracturing of the true fissure veins, or forma- 
tion of the various receptacles for subsequent aggregations. - 

HOW MINEaALS WERE FOBMED IN VEINS, ETC. 

It has been clearly shown above that the mineralizing agencies 
of fire and fluids had not thus far done more than to oxidize and 
disperse the material elements, for future collection and precipitaiion 
into the suitably small receptacles of veins, pockets, or basins, 
for man's beneficial treatment: but to attempt to explain aU of 
the next succeeding complications by any single rule, will be as 
presumptuous as impossible. 

To lay down any particularly fixed theory, "Plutonic" or 
" Neptunian," " Sublimation " or " Infiltration," for all develop- 
ments, is monstrously absurd; for it is not only contrary to the 
known actions and facts of the past and present, but is a chemi- 
cal impossibility, as the agencies of fire, gases, and liquids, are 
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temally composixig or decomposing; and whilst Time moves, 
^emical actions will also continue in operation, and change of 
^ndition be more the rule than the exception. 

Fire, however, generally supplies the raw materials, either 
irectly or indirectly, as just described, and sometimes in part 
) true fissure veins; as it also aids most remarkably in many 
tstances by warming solutions that dissolve certain minerals, 
hich would be insoluble at lower temperatures; whilst the 
ases and liquids manipulate to perfect the more complicated 
rystaUine forms, found by the miner in all kinds and ages of 
ock formations, long after the action of fire had ceased its 
perations. 

In reference to the subsequent re-heating of certain spots, 
ftlled metamorphism. which has been deemed necessary for 
rofi table mineral vein systems, it may be here stated that, what- 
ver its cause may have been, the effects were as great for the 
reduction of minerals; and in favoring the idea that veins are 
requently formed by the sinking of plains, it should not be for- 
otten that when such deep fractures occurred, an inconceivable 
mount of lateral pressure and consequent heat must have been 
Tought to bear at such places, before the necessary side-room 
ould have been effected for the settlement of the outlying plain, 
nd simultaneous fracture of the vein. 

For consideration of this subject, we may suppose that a 
ystexn of true fissure veins l^ad been formed by secondary 
iontraction, after a spot of the Earth's surface had been met- 
amorphosed, or re-heated by the second approach of internal 
ire, after the manner described in Ch^ter VI, section 1. As 
here stated, the different, parallel, diagonal, and cross veins, 
Likes, and slides, were not all formed simultaneously; and, con- 
sequently, frequent shiftings of portions of the earlier veins on 
ihe walls of the later have resulted, which afford many interest- 
ng records of past progress, and some very palpable present 
mdence, that favor more recent concentration by aqueous solu- 
ions, and the still later depositions of the minerals from their 
respective salts. 

It has been thus substantially proven, on preliminary general 
^rounds, that, although the metallic oxides or chlorides were first 
supplied by fire, humid re-agents must have generally completed 
6 
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the mineral formations; and suob is strongly corroborated br 
tbe following facts, unfolded from the various mineral yeins, bj 
the thoughtful miner: 

1. If the veins, pockets, etc., were filled by fire inih fused 
quartz, they must have been then at fuU siee, and dU the con- 
traction of bed-rock that ever did take place must have also 
occurred at the moment of fracture, which is as absurd as it is 
untrue. . 

2. None of the homogeneity or other peculiar appearances of 
a fused mass has ever been detected in such deposits. 

3. If fused,-and thus intruded, some overflowings would have 
protruded, similar to those of lava, and such is never seen. 

4. Being lighter and more infusible than any of the othei 
elemelits from volcanic action, it would, because it required 
greater heat, have been the first, and not the last, to arrive at 
the surface. 

5. It is too purely the one unmixed oxide of sUicium, to ha^e 
been fused at this necessarily high temperature, in the presence 
of other more fusible elements. 

6. The minerals contained therein are too unequally dissemi- 
nated to have been the results of fusion, or sublimation. 

7. Disconnected pockets, and the various minute ramifications 
in distant outiying stratum, and the miniature veins of pebbles, 
etc., alluded to in the latter part of Chapter YI could not have 
been so formed. 

8. Vein quartz has a constant specific gravity of 2.8, wjulst 
that from fusion is but about 2.15. 

9. Volcanoes never eject pure quartz, or other pure, unmixed 
elements. 

10. Fluor spar (fluate of lime), and heavy spar (sulphate of 
baryta), with many other volatile compounds, and even water, 
are often found completely enclosed in quartz, which could not 
have existed here, any more than in the primitive bed-rocks, if 
created by fire. 

Thus much, and more, may be brought to bear against the 
general and independent actions of the "Plutonic " and ** Sub- 
limation" theories; and, to still further favor those of the 
** Neptunian" and "Infiltration," the following may be added 
thereto : 

11. We have positive proofs, in the laboratories of Nature and 
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Art, that not only many of the reactions can be, but that they are 
being produced by natural humid causes; whilst fire, both in 
nature and art, fails to perform similarly perfected results. 

12. Constitutionally and mechanically enclosed waters are as 
perfectly consistent with^the aqueous, as unnatural and impossi- 
ble by fire. 

13. Changes of strata generally effect corresponding yaiia- 
dons in the quality and quantity of the minerals, as the veins 
pass through their respective sections, from the presence or ab- 
sence of solvents or precipitants. These do not ap(ply favorably 
to fire. 

14. Free passage of water favors the presence of the min- 
erals in veins. 

15. It frequently happens, in the most complicated systems 
of mineral veins, where several ages of fractures occur, that 
when a mineralized vein has been ''heaved " or shifted sideways 
by a cross-vein from its original position, by irregular contrac- 
tion of the country, it is rich in mineral on the one side of the 
infiuential crossing, and poor on the other; thus showing that the 
minerals were deposited by water, long after fire was in action. 

16. True fissure vein quartz invariably shows laminations, or 
book-like bands, more or less parallel to the walls of the vein, 
whilst fused quartz does not; which laminations, (being deposited 
separately on each wall, as the walls receded by contraction, or 
from my new theory of subsidence,) more centrally crystallized 
cavities are frequently found, that partake of somewhat similar 
parallelism. 

17. It often occurs that separate courses of tin, copper, and 
iron, are found in the same vein, for some several feet; then the 
whole becomes more or less intimately disseminated and speckled 
with each; or a single course of the one, or the other, may be 
found as the level is continued, intervening frequent barren se^c- 
tions of the vein; all of which appear as natural to the aqueous 
a's unnatural for the more equally dispersing and regular pro- 
ductions of fire. 

18. Their constitutional or equivalent forms, although ex- 
tremely varied, are always exact: some of which are derived from 
the surface, and not from beneath, others are even organic and 
unnatural for the products of fire. 

19. The upward, chimney-like speed of the sublimations of 
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the mineralB, from the action of fire, would have effectually pre- 
Tented the downward access of these necessaxy elements for the 
existing combinations in veins, at all depths. 

20. They would have been richer for such varieties at the top, 
and retain only one or two fire compounds at deeper sections. 

21. The minerals are often deposited in crystals in the cen- 
tral and last formed quartz cavities, on the previously perfected 
quartz crystals. 

22. The walls of veins that, at first fracture, must have exacQy 
corresponded^ do not retain such shapes now; as in many places 
the walls, as shown by the irregularity of the width of enclosed 
quartz, are very unlike, a few feet of distance often exposing' ex- 
panded concavities, that could not have been formed by other 
means than actual dissolution of the wall-rocks, probably bj 
hot water hydrating the silicic acid and silicates of potash, that 
compose such country. 

23. Converging or wedge veins intervening the divisions of 
secondary stratum, which run to a thin point in depth, must have 
been formed by aqueous solutions, and not by fusion; unless the 
minerals were actually poured in from above, which is absurd. 

24. The pure carbonates of lime, and baryta; the sulphates 
of lime and baryta; as well as the fluate of lime matrices of 
veins, are much more natural to the aqueous than to any igpie- 
ous creations. 

25. Silica or silicic acid must also be in natural solution, tor 
it is found in animals, plants and petrifactions. 

26. Perhaps the greatest of all the reasons for favoring the 
solution theory is, however, that of the vein matter being of pure 
character, and this I account for by the fact that only certain 
vein elements are soluble in the aqueous surface washings into the 
vein and in the various percolations of mineral waters from 
the adjoining country rocks; or if soluble these vein ingredients 
only are then subject tcf precipUation by natural re-agents, 

27. Mineral waters are quite common, and the ocean is a res- 
ervoir of the mineral solutions of gold, silver, copper, iron, 
lead, etc. 

These facts afford sufficient evidence that the chemistry of fire 
has not ruled supremely in the formation of the minerals, but 
merely supplied the crude elemental compounds by general sub- 
limations, to the hot and compressed aqueous solutions of the 
'''depest sections of mineral veins. 
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Internal fire has, however, by oreating, under the Bnitably 
extreme pressure of the water in veins, suffiderU degrees of heat 
to render many substances much more soluble, either alone or 
assisted by acids or alkalies, thsit, under ordinary circumstances, 
are almost insoluble therein; as quartz (silicic acid), fluor spar 
(filiate of lime), heavy spar (sulphate of baiyta), etc., as well 
as the more regular metallic mineral elements. 

Since the time of my being educated in the chemical and 
mechanical sections of my profession, some forty years since, 
when I became acquainted with the general laws of sensi- 
ble and latent heats, more particularly as applied to water 
and its vapor, I have been strongly impressed with the notions 
(as expressed in Chapter n, Part 1) that highly heated water had 
much to do with the formations of matrices and minerals in 
lodes, as well as the modifications of the earlier secondary sur* 
face rocks; and that conviction has been strengthened by close 
observation during long experience. 

To render these principles of action and reaction more intelli- 
gible, we will suppose that metamorphic action had preceded the 
time when the veins were formed, and that the belts of country 
between the fissures had commenced receding (by contraction, etc.), 
to expand the width of the intervening spaces, in which the ele- 
ments that now form veins were deposited. As these walls sepa- 
rated, surface water would force its way down to the hot interior 
sections of such fissures, which, at only 1,500 feet deep, would 
create, from its own weight, a pressure of fifty atmospheres, 
which, if sufScient heat was also present, would raise the boiling 
point of pure water to 510.6°, and of water that contained 
chemical salts to a much higher degree; whilst still deeper sec- 
tions, under greater pressure and consequent temperature, would 
attain sufficient heat, not only to dissolve, but to even melt 
away, many of the metals. Thus, the matrices and metals 
would, at Jeast, have been readily dissolved into solutions with 
water alone, and as these solutions became more equalized from 
deep to shallaw sections of the veins, the pressure and heat becom- 
ing less, they would, being ruled by such change of conditUmy again 
deposU from, the colder sohUion the matrices and minerals accord- 
ingly, on the walls of the veins thus being formed. 

This solvent would collect the minerals from sublimation as 
well as hj infiltration, and deposit them in the shallower sec- 
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tions, by cM alone as well as with tibe naturaUy re-acting elements 
then present. 

In tlie general first fusion, and also in partial volcanic fusions, 
sulphur and chlorine have been volatilized in considerable quan- 
tities; and it is therefore probable, perhaps imperative, that those 
notorious elements have sometimes united to the hot water their 
superior solvent properties, and thus produced, at a less temper- 
ature, more shallow solutions and diversified precipitates, from 
the various causes of lessening of temperature, dUution of the solu- 
tion with surface water, and the decomposition of the siMcates of 
soda, or potash, from the adjoining rocks. 

The lessening of temperature, watering of the solution, and 
the alkalies, have all been more or less conducive to their dep- 
osition, but mostly the latter, which, in the laboratory, speedily 
precipitates aluminium, antimony, bismuth, cadmium, chromiiun, 
cobalt, copper, gold, iridium, iron, lead, manganese, mercury, 
molybdenum, nickel, osmium, palladium, platinum, rhodium, 
silver, tin, uranium, vanadium, zinc, etc. 

Some of these are soluble in excess of these alkalies, whilst 
others are insoluble, and undergo other more modern changes, 
until, by some process peculiar to very long-continued natural 
causes unknown in speedy reactions of artificial chemistry, thej 
unite with the various elements into more permanently :weU 
defined, compact crystals, such as arseniurets, sulphurets, etc. 

Hot solutions of potash or soda have probably sometimes 
formed the first deep solution, and deposited in the shallow, less 
compressed, colder sections, the first simple mineral supplies, 
which, gradually uniting by natural causes with their different 
favorite elements, formed the present more stable base mineral 
compounds. 

That one or another of the hot solutions obtained solvency is 
strongly substantiated by the fact that metamorphism has been 
most apparent when the minerals are found in such concen- 
trated forms; whilst the invariable disintegration and decompo- 
sition of the alkaline rocks of the shallow sections of veins 
would mostly favor the acidified, highly heated, deep-water sol- 
veiit, and precipitation by the released potash or soda from shal- 
low sections, with subsequent secondary compositions peculiarly 
performed by much slower natural causes. 

Be it, however, as it may, it has been governed by circum- 



metallurgists' companion. 87 

stances, and some of the minerals, such as surface deposito of 
tin, iron, manganese, lead, silver, gold, platinum, etc., must 
liave been formed in a more simple manner. 

As also in districts which overlie volcanic calcinations of mineral 
oxides, that either remained as such, or compounded with sur- 
face carbon, ocean chlorine, or organic elements; as the carbon- 
ates of copper, lead, etc. ; the chloride of silver, the carbonate, 
pliosphate, and oxalate of iron, etc. ; all of which, form either 
at 9 or near to, the surface. 

Kemarkable illustrations of the fibrst, are seen in the dry and 
shallow sections of all copper veins; where water carries down 
carbonaceous organic matter, that decomposes and unites with 
such high formations of copper ores, in a comparatively short 
time. These carbonates are never seen below the permanent 
water-level, at first exposure, during the deeper excavations; but 
sometimes the copper will become thus partially carbonated even 
in a few weeks after, and stain the backs of the levels with their 
surpassingly gay colors of blue and green. 

The second may be seen in the similar, more massive carbon- 
ates of lead, from the aqueous deposition, lis well as those sub- 
limations of oxides over actual volcanic heat, which have been 
changed to carbonates by subsequent dry evulsions or wet infil- 
trations of carbonic acid. 

The third is that of the irregular deposits of chloride of silver, 
at and near the surface, which are found more or less in all up- 
lifted silver regions previously covered by salt water; extensive 
modern instances of which have created such excitement at White 
Pine, Hofc Creek, and Reveille, in the State of Nevada. This 
whole region has been more or less changed from the level of 
the ocean's bed to the present irregular contour of surface, and 
little doubt can be entertained that the more general solvent of 
the silver was boiling sulphuric acid, which collected and brought 
the sulphate of silver through the various fissures toward the 
surface, until it reached the pi^^nce of the oceanic solution of 
salt, and became precipitated as chloride of silver. 

The fourth examples are the enormous masses of carbonate of 
iron that are worked from the layers found in the English coal 
measures; the numerous highly colored phosphates of iron, vari- 
ously found at and near the surface, sometimes in the interior 
of fossils, and in fossiliferous ferro-manganic «ands; and the 
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oxalate of iron, which has been formed in presence of, and dur- 
ing the decomposition of succulent plants. 

THE VOBMATION OF OOLD AT THE SUBFACE, AND IN VEINS. 

In the careful consideration of this subject, the following^ per- 
tinent facts, are exceedingly valuable for our purpose, and must 
not be overlooked: 

1. It has been often stated by reliable authorities that g^old 
has never been found entirely unalloyed urUh sUver, and that it is 
very seldom free from copper and iron. 

2. In a gold-yielding country, the sulphuret of iron, froni 
veins, invariably contains more or less gold; iron is also found 
alloyed with gold, silver, etc., etc. 

3. The sections of rock which contain gold-bearing quartz 
veins have been much tilted from original positions. 

4. All of the profitable gold fields and gold-quartz veins of 
the world are near the borders of present or past oceans. 

5. All of the rich gold-quartz veins are either in the Paleozoic, 
or very near thereto •in the metamorphosed Azoic rocks. 

6. All gold-producing regions have been invaded by extensive 
igneous action, either beneath, upon, or beside the formations. 

7. The veins conform more to those of ** Segregation " than 
to " True Fissure," and consequently follow more or less closely 
the divisions of strata parallel with the mountain chain or line of 
general upheaval, and consequently they generally underlie to- 
wards or beneath the ancient ocean bed. 

8. Those lodes which take a somewhat independent fracture, 
and occasionally traverse the divisions of the stratum obliquely, 
are richer in gold than others that strictly conform therewith. 

9. Placer gold is obtained in such large quantities and is so 
differently characterized that all of it could not have been derived 
from quartz veins. 

10. Platinum is found as ^^etal in alluvial gravel, but never 
in veins or in a mineralized condition. 

11. Alluvial oxide of tin is also distinctly different in quality 
to that found in veins. 

12. These three metals are soluble in chlorine, and afterwards 
become insoluble to other natural solvents; the natural oxide of 
tin being also^ insoluble to even chlorine. If platinum is not 
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found in veins, but is formed so as to be extracted from alluyial 
deposits, why should not gold and tin be sometimes thus formed? 

13. Iron oxide prevails in all coal measures, gold fields and 
veins, and is a good and interesting general indicator of value. 

14. Now although quartz appears to be the very frequent 
^matriac ofgold^ it may only be a mere receptacle, as other matrices 
contain it, and even the '' bed-rocks" yield platinum, iridium, 
&e., as well as gold. Specimens of calc spar from the Quervo 
Mine, Inyo County, California, have, not unfrequently, contained 
small nuggets of gold. 

15. Organic matter precipitates both gold and quartz. See 
Foot note page 118. 

16. It is also highly important to remember that the ocean 
still contains gold, silver, copper, iron, etc., in solution, that 
gold fields are on the borders of ancient oceans, and therefore 
these may have been the principal reservoirs for supplying the 
minerals and metals to veins and allavial deposits. 

Now, the only, really practical and natural, solvent of gold is 
chlorine water, which may either have axited before its neutraHza- 
Hon by sodium, or taking the gold deposits of the Americas, for 
example, we may suppose that the whole western coasts of the 
North, Central, and South Americas, were, at a not very remote 
period of their formation, so warm, from very extensive volcanic 
action, as to cause portions of the ocean border to boU, from 
the northern to the southern extremes, whilst many regions 
of the land were sufficiently hot and acidified to free the chlorine 
from the salt that would have been deposited over the surface or 
within the fissures of the rock, which, being moistened by water 
from rains, would have thus dissolved the gold, etc. ; or this chlo- 
rine solvent may have been sometimes formed by the action of 
(naturally produced) sulphuric acid on chloride of sodium, in 
the presence of the oxide of manganese, as these three are gen- 
erally found in such positions, and the formation might have 
been then completed precisely i|ft^in Plattner's artificial process, 
by precipitation with sulphate of iron. 

This solvent of gold, chlorine, being mixed with salt of oceans, 
would also, when heated, dissolve silver, copper, and iron, which 
may account for the invariable alloy of gold with these metals, 
and explain many other facts. It was, however, much too soon 
for the deposition of such into veins, which, at this stage of 
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refrigeration, could not have been formed, and onlj applies to 
placer formations and pockets. 

At later periods, after the country rock that adjoined the 
mountains had partially opened, (by the lever-like action of the 
opposing outlying plain during subsidence,) into fissures, the 
chloride of gold may have been supplied thereto, or distributed 
over the surface of the country, until the gold was precipitated 
in the veins or hollows at or near the surface, by potash, or^nic 
matter, sulphate of iron, or volatilization of its chlorine. 

It is probable that at a much later period, after the surface 
had become comparatively cold, and the fissures were better de- 
fined, that the salt water from the ocean penetrated them to 
great depths, when its chloride of sodium solution becoming in- 
tensely heated by the adjoining rocks would not only concen- 
tiate the salt, gold, etc., but under the extreme pressure thus 
created the water would have become heated and partially cblo- 
ridated; and as the heat increased or approached nearer to the 
point of separation of its chlorine, that quartz, gold, silver, etc., 
were dissolved out from the rocks, during long action and then 
precipitated in the veins. The mode of conveyance to the shal- 
low parts of veins would be as for base metals, where the free 
gold may have been then precipitated by organic matter or pot- 
ash, and that enclosed in sulphurets, by sulphate of iron, etc., etc. 
The chlorides of gold, platinum and all such metals, would, 
however, be quickly freed from chlorine after evaporation. 

The above theories will agree with the sixteen facts enumerated; 
but I am strongly disposed to favor that integral part which sup- 
poses that highly heated water slowly dissolves and hydrates 
silicic acid, which, if not the complete chemical solvent of all, at 
least holds and retains the metals in solution, until they arrive 
at, and are crystallized or precipitated in, the shallow sections of 
veins, in aggregated ribbons or bands which generally run is 
parallel laminations to the walls of mineral veins, as they recede 
from each other. ^ 

This peculiar lamellose structure of extensive veins, more par- 
ticularly those of " True Fissure," have been, I think, produced 
by sudden intermittent motions of •the receding walls; as it is 
impossible that such extremely slow average rate of travel should 
be mathematically regular; more particularly during earthquakes, 
which have occasionally shaken all the districts of the world. 
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During this expansion of the walls of fissureSy it is probable 
that, with few exceptions, they have had but very little empty 
space at any time between their acoomulating dualistio crystalli- 
zations, as the transverse subsidence of outlying plains was, 
after the rule of the new theory explained, by separate and in- 
numerable motions. 

The expansions and contractions of summer and winter, by 
exerting an influence to only some few feet deep, just so far as 
tlie rock is influenced by the Sun during the changing season, 
may have caused this structure, as the surface rock, by abutting 
irregularly, forced the partially solidified siliceous waters up and 
dov^n, by varying the thus regulated thin spaces intervening the 
deeper walls of the vein, and compressing the quartz into lamina- 
tions during winter. In hard surface rock districts, this is not 
merely hypothetical, for, sixteen years since, I had an oppor- 
tunity of proving the old story to be true, '' That the springs of 
water arose at the winter season of the year, whether rain fell or 
not,'' however ridiculous it may appear. In the reworking of an 
old Cornish mine, we had occasion to fix what is called a '^Fend- 
off " (a sort of ''Bell-crank") to the main pumping rod for changing 
the angle, in a shaft that was partially filled with water up to 
within a few feet of the work, during an unusually dry autumn 
and early winter; when, some time after the cold weather had 
set in, although no rain had fallen, the water commenced to rise 
in this shaft and throughout the whole length of the mine, and 
very gradually ran into a level that showed' its progress in a very 
exact manner, as the level had been slightly graded from the 
horizontal, for better drainage: nothing had been thrown into« 
the workings, and all the other surrounding mines were much 
deeper, so that this principle of contracting surface could alone 
account for the winter's flowing of the water from the consequent 
lessening of the size of the vein beneath. 

It appears, from those exceedingly interesting and very ancient 
fossils of the peculiarly siliceous organisms called " Diatoms," 
recently found to be of vegetable nature, that warm waters 
must have then held silica in a suitable solution for their growth; 
and the modem warm siliceous alkaline springs show another 
substantial fact, that where quartz is in solution, it does not pre- 
cipitate until it becomes cold, and even then but very slowly. 
Thus, in the later, cold alkaline solution period, ''IHatoms" 
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ceased to grow, and the calcareous ** Desmids *' preyailed. Sol- 
uble silica is yet supplied to animals, plants and petrifactions. 

These facts also serre to still further substantiate the '' Aque- 
ous " theory for quartz formations, and show most palpably that 
the quartz and gold of gravel deposits are mostly of distinctly 
separate formation to that found in veins; and although some 
may have been broken off and washed from their outcrops, the 
greater part — more particularly the large nuggets — were disinte- 
grated from the pockets near the surface of the then much 
larger and higher mountains by the force of water, etc. 

Gold has continued to be formed, both at the surface and in 
the veins, up to a very recent period, proHkbly to the present 
hour; as often instanced in the placers by its being found depos- 
ited on wood in various stages of petrifaction, and sometimes in 
the crystallized ''vughs" or cavities of quartz veins, and as re- 
cently embossed deposits on the perfectly well defined surfaces 
of the previously completed and last formed quartz crystals taken 
from the central laminations of veins. 

It will be necessary, in this connection, to caution the explorer 
and miner for these precious metals against the too often repeated 
statements put forward by authors, that the precious metals have 
not been found in Azoic rocks, as it may lead to serious errors, 
unless fully understood. It is true that they have not been 
found, any more than the base minerals, in the real primiMve 
bottom, first fused rock, as it originally lies, and as described in 
Section 1, Chapter I; but, like those minerals, the precious met- 
als have been found in whole systems of veins, that traversed 
. some of the " Broken " and *' Disjointed," metamorphosed, crys- 
talline Azoic rocks described in Chapter II, Section 1, and Chap- 
ters III and lY, Section 2, where these adjoin the extensively 
metamorphosed Paleozoic secondary rocks forming the ancient 
beds of oceans and their present, high and dry, borders. 

FORMATION OF PLATINUM, IRIDinM,e OSMIUM, PAIJ.ADIUM, SHODIUM, ETC. 

Platinum, iridium, and palladium, are soluble in chlorine; 
but osmium and rhodium, when unalloyed, are at least very 
slowly soluble under ordinary conditions. These metals all 
carry strong family resemblance for infusibility, insolubility, 
malleability, hardness, texture, color, and manner of combina- 

7, and are generally found associated as alloys with platinum. 
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Aliihougli oftentimes found in the placers with gold, it is not 
their inyariable associate, as these metals, headed by platinum, 
take independent positions under the apparently imperatiye con* 
ditions of the presence of greenstone, eruptive rocks, or serpen* 
tine. It is also a remarkable fact that chromate of iron has been 
always found where these metals are mosfc abundant, which must 
be because the same rock is a matrix for both, unless its presence 
is required in some way, as the sulphuret of iron (originally sul- 
phate) is for the precipitation of gold. These white metals (the 
associates of platinum) are of yery high specific gravity, iridium 
ranging from 23 to 26, the heaviest of all mbstances; platinum being 
always 21.5. They form from two to five oxides, and from two 
to four chlorides. They are, moreover, so very infusible, that no 
natural fire can be made sufficientiy hot to melt them; the artifi- 
cially combined influence of the concentrated oxy-hydrogen blow- 
pipe flames being only sufficient for this purpose; so that, re- 
membering all these facts, and that they are the heaviest of all 
metals, I see no other way that they could have been brought to 
the surface of our globe, but in a similar manner (for the reasons 
previously stated) for the other metals; that is, as volatile chlo- 
rides. These are notoriously unstable, and nothing would be 
required but short exposure for release and reduction to metallic 
states; which, I think, in this instance, was realized in the rock 
its^f, which has been since disintegrated by water, etc., in suffi- 
cient quantities for the release and concentration of the small 
particles of nuggets of these metals that are invariably found 
near such eruptive rocks. 

This opinion appears to be well substantiated from the facts 
that these metals are not necessarily associated wiih quarts, or ever 
lie in quartz veins, and are always found in and around these 
somewhat peculiar, eruptive rocks. Why should not gold and 
tin oxide be found in like manner with gravel? These metals, 
being naturally infusible, and so much heavier than the bed-rocks, 
afford conclusive evidence that all the heavy metals must have 
been brought to the surface by some highly heated volatile asso- 
ciate, which, if not oxygen, may have been chlorine, so abundant 
before the formation of chloride of sodium. 

These gases may have acted in an infinitely slow manner, on 
most minute particles or atoms, during the elevation of such 
metals to the surface, as they are of rare oecnrrenee, and their 
total quantities extremely small. 
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OHAPTEK VIII. 



THE FSOULUB OHABAOTEBIBTICS OF '* TRUE FZSfiUBB TEIKS, AND THEI 
0ON8TITUBNT OOMKNATIOKS, POSITIONS, DIBEOTIOKS, AND DIF8- 
OENBRAL OOMPOBnOBNT WHEN TRAYBBSING DIFFEBENT STRATA 
WHEN FOBMING UnFEBSEOTIONS AND JUNOTIONS WITH EACH OTHEE 
OB WITH OBOSS-OOUBSES, DIKES, AND SLIDES — ^INFLUENOE OF CBOSS 
OOUBSES, SLIDES, AND DIKES — BUMMABT OF THE EFFECTS PBODT7C£I 
BY THESE COLLECTIVE CAUSES. 

"True fissure yeins'' are always found in metamorphoBed 
(reheated spots of strata), chiefly in the ''Azoic," less frequently 
in the ''Paleozoic," and no good mine has been found iti En- 
gland above the "Triassic," or First Period of the "Mesozoic 
or Third Time; but, in some other parts of the world, antimony, 
lead, iron, manganese, and mercury, in the Second and Third 
Periods of this "Mesozoic" Time, when sufficiently metamoi- 
phosed in veins, which are, however, not well defined True Fis- 
sures, but modifications from extensive volcanic upheaval, B,d 
consequent sublimations. 

1. " True fissure veins" are rarely found unaccompanied by 
others, and various systems or ages of their fractures can often 
be observed, as they have slidden at different times upon each 
other. 

2. They do not conform to the cleavage of the stratum, or He 
in the intervening division between two distinctly different strata. 

3. They do not generally decrease, but rather ijicrease their 
width and riches, at the greatest depths attained by man, ft^' 
though apparently occasional instances occur of the reverse. 

4. Their encasing walls are remarkable for regular definition< 
smoothness, and unctuous or soap-like, clay surfaces. 

5. Their constituents of matrices and minerals are always 
found in laminations more or less conforming to general parallel* 
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im with the encasing walls; and, when short diagonal ^'splices" 
r 'Wughs'' occur, they are almost invariably in similar planes. 

6. The minerals are sometimes found in most distinct indi- 
idual courses, the one beside the other, or in different parts of 
tie vein's width; at other times, speckled indiscriminately 
[iroiighout, or in occasional stones of each; whilst, more fre- 
uently, they are so intimately mixed that they cannot be sep- 
rated by hand. 

7. Thus, the minerals are associated side by side with entirely 
lififerent and numerous elements: the permanently insoluble 
>xide of tin beside the sulphurets of irpn, copper, zinc, and 
ometimes lead; or arseniurets, oxides, carbonates, etc , of the 
>iie or the other, some in massive and others in crystalline forms; 
kU of which, I presume, are derived from chlorides or oxides, the 
)xide of tin alone retaining that insoluble form, whilst the others 
lave passed, or are still passing, into other combinations. 

?0SITIONB, DIBEOnONS, DIPS, AND GENEBAL OOMPOBTMENT WHEN TBAV- 
EBSINO DIFFEBBNT STBATA, OTHEB VEINS, OB OBOSS-OOUBSES, 
DIKES, AND SLIDES. 

8^. " True fissure " veins take independent paths through all 
of the metamorphosed strata lying in their course or dip. If, 
however, a stratum of rock overlies those that had been metamor- 
phosed before, the vein does not pass out beyond the earlier 
heated spot, into that since deposited thereon. 

9. They partake somewhat of parallelism, for each age of 
fracture, but take all bearings and dips at their different ages, 
as governed by the directions of the lines of contraction or sub- 
sidence of the age. 

10. The veins of the OTie parallel, in the same complicated sys- 
tem, will all be richer in minerals of similar kinds, than those 
that run transversely thereto; not, I think, from any difference of 
yfiagneiio influence caused by bearing, but from age of fracture 
&loQe, and consequently larger space and longer action for better 
solution and precipitation of the minerals. 

11. The magnetic bearings of veins have been greatly influ- 
enced by the general contours and directions of the adjoining 
ridges of the more primitive granitic rocks, and vary their de- 
grees of bearing and dip accordingly, and the richer veins gen- 
erally parallel such influential causes for conformity. 
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12. However near the STatems of rtija or diBtricta ma; lie to 
each other, certain peoaliarly local iofluencea irill apply, as par- 
tiouUrly displayed in Cornwall, where, oommeaoing at the St. 
Just District, near the Land's End of England, the north and 
south yeins have been moet produottve for copper and tin; at 
Marazion, those bearing northwest and southeast have been most 
profitable; whilat, in the centre of the county (only about thirty 
miles inclusive), at Camborne, Redruth, Gwennap, and St. Agnea 
Districts, those bearing east and west are alone mineralized. 
Korth and south bearing mountains prevail thionghoat the 
world, and they as often govern the direction of veins, but prof- 
itable veins are found on the slopes and foot-hills of mountains 
at all angles of the theodolite. 

FiGT. 4. 



13. It may be observed that " True fisaure " veins seldom dip 
less than 45° from the horizon, are frequently near to, and some- 
times quite vertical ; each vein takes independent direction and dip, 
often passing forward and downward through the others, at all 

"les within these limits; one may, for instance (as in Fig. 4), 
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lip northerly at 50^, whilst another oYerljing this may also dip 
Qortlierly at 60^ , and pass down through it; a third may still 
overlie and dip northerly at^85°, which also, after passing through 
botb., may change its dip from north to south; a fourth dips south 
blirough all these at 70^, or any other degree; whilst a fifth may 
be a ** slide," which will also occasionally disorder or shift the 
lode; the whole being also of somewhat different degrees of di- 
rection, and traversed by cross-courses that partake of similar, 
but transverse differences of the angles of bearing and dip. On 
bbis figure, a shows a Y intersection; 6, an inverted Y interseo- 
bion; c, c, c, X intersections; d, a ** horse "in the vein; e, a 
** carbona;" /, a ** bonanza," or pocket; g, a surface deposit; 
and h, h, h, h, h, h, "feeders."* 

14. Some parts of '' true fissure " veins, and almost invariably 
where the dip is more vertical, contain more mineral than others. 

15. Certain directions, and corresponding parallelisms, of 
** trae fissure " veins of a district, will always contain more min- 
eral than other directions. 

The two last are general rules, which must have been noticed 
by every thoughtful practical miner; and although the reasons 
have not yet been made apparent, some tangible causes must 
have created such invariably marked results. As it is very im- 
portant that this should be fully understood by the miner, and 
more particularly by those entering new districts, I will endeavor, 
by the aid of two illustrations, to explain both the nature of, and 
reasons for, this occurrence. 

First, let Fig. 5 represent a vertical section of a fissure that 
had thus changed its dip from that of A to B; and again from 
to that of D. A and C are the profitable portions of the vein, 
simply because B and D are more contracted, and prevented an 
equally free passage of the mineral waters. The arrows represent 
the horizanial line of contraelion, that opened the rocks from 



* A lode or Teln. to be recognized tu $mdk 6y wUners, whether It he " Tme fiiMnre Ut4»t/* tnr- 
etsing throng mU rods; or " Wedge lode," occupying the mpnctm between aptomed Ujrem 
of natural sftsrtom; or " laterrenaxig lode/' withJo the ier-uluxl pUi»«« of two etit«r*:ljr dlf* 
fereat opposmg stnte; most eontsin at Insist o-ne f/f ttie ici«iric<4i>. qosr*z, Dn'/r itpmr, itmUi 
spar, or heavy spar in ftdditicn t» its metals ax«4 m*-iMMn fynm. Tbent*/r«:, scf U/naMtUm 
vhich is chiefly eompoaed of " CMnfry rode " instead fH the ak<»Te matrien, Mlthf/w0t lyluu 
betveen eqnalfy smooth, we.l define walls, and y'M-iit^ udstffndM ft'/m Irr'^vlar s««io* 
And pocketa. cannot he d^iE>»:d a Udjs or r-txa la a wrreet uAuing aensa. It Is <^th«r a tuiU' 
eriltted ijpa vmu dflae, or rtef mf Uthd atratow. 

7 
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origijuil coniact for the after infiltration of the matrices itnd min- 
erals. Now, as the horizontal lines marked by the arrows show 
the direction of the separation of the wa]le of the vein by con- 
traction, so -will the corresponding parallel lines at A and B, C 
and D, measure the a'mount of this contraction through similar 
lines in the vein; whereas, the width of the vein must be meas- 
ured, in each case, at A and B, as well as at C and D, by right- 
angled lines, to the separate and diffWerU dipR of the vein at A 
and B, C and D. 

Pig. 5. 



If any one should fail to understand this argument, from the 
sketch, let him trace off, on transparent paper, the single line 
that shows the left-hand wall of this vein, and move it in a ver- 
tical position with the bottom edge of paper resting on the table, 
in the line of contraction marked by the parallel arrows, a dis- 
tance to the right that equals any one of the parallel measure- 
ments of travel marked A, B, C or D, and he will find (because 
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these are all equal and parallel to each other) that this left-hand 
wall, when thus correctly moved, will correspond to the right- 
hand wall of the vein, which, of course, when first fractured, also 
corresponded. Or, trace this line with a pencil or needle's point 
on a piece of card paper, placed beneath, and cut through this 
line that marks the left-hand wall, with scissors, and he will have 
an exact representation of the country, or bed-rock, on both 
sides of the vein, which, of course, touched when cut, as well as 
when fractured; so that, by holding the one left wall paper in 
the left hand, and the other right wall paper in the right hand, 
he may thoroughly satisfy himself in every way regarding these 
movements, and that, immediately motion is given from actual 
contact, a consequent difference of width ensues, and that no 
other direction for travel will produce the same right-angled 
widths for corresponding dips of the vein. 

It therefore becomes apparent that where the dip was greater, 
the vein was also larger, and at E, where it is supposed to be 
horizontal, it is of no width whatever; and, consequently, more 
freedom for the conveyance of mineral waters and subsequent 
precipitation of minerals, prevailed in such expanded sections, 
than where the vein was more contracted. 

It is not imusual in countries which have been much disturbed 
by earthquakes that the' wall and bed-rock, of the one side, has 
slidden downward by the other, and in such cases the effects will 
appear, either to agree with those described or be quite the re- 
verse, and for the following reason, which you can and should, 
demonstrate for yourself by the card suggested; because it is, 
like the preceding, really very instructive and valuable for the 
miner; as after once knowing the direction and part moved, he 
can work with much* greater certainty amidst these changing po- 
sitions of the adjoining country, and consequent size and quality 
of his vein. 

Thus you will confirm my views, as shown by the lode of 
changing underlie or dip in the illustration, by first simply mov- 
ing one or both away from each other, to show that the parts of 
least dip will be of less size; then by slowly lowering the right 
hand portion of the card, you may produce, by such slide, a 
similar effed; and lastly by lowering the left hand part, expose 
the very opposite result. 

When the downward motion occurs, the vein shows, generally 

A 
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well marked corrugated faces, either on the walls, or within its 
laminations, of quartz; the former, when seen on both waUs, was 
probably effected before the opening of the vein, and the latter po- 
sition marks the exact stage of filling at the time. The direction 
is frequently at a fast dipping angle and well marked, but sel- 
dom vertical, and serves to guide towards effects of sizes and 
dips of mineral deposits produced. 

Pig. 6. 




Such motions are sometimes treacherous in results, as they are 
liable to bottom, rock on rock, at the place of less angled dip* 
where the vein may cease, and make an apparent fool of the most 
experi&njced miner. 

Eeferring also to some portions of veins, having certain surface 
bearings richer than others, (and which sometimes may apply, 
for similar reasons, to " caunting" and " cross veins"), it will be 
only necessary, instead of looking at the vertical sectixm's line of 
contraction as regards dip, to take a ''bird's-eye*' view of the sur- 
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face or ground plan of the veins, as shown by Figure 6, and, re- 
gardless of the last section, to ascertain the bearing by magnetic 
needle of the line of contraction that caused the withdrawal of the 
walls so as to produce the actual widths* exposed. 

Let Figure 6 represent the ground plan of three veins, a reg- 
ular Tein, a caunter (or diagonal vein), and a cross-course; the 
bearing of the line of contraction, according to the previous ar- 
gument would be at' or about a right-angle from the average 
direction and the widest part or parts of the principal vein, as 
shown by the arrows, which however can be more promptly and 
exactly demonstrated by the lateral motions of the bisected card, 
which would also inform you if the both motions had combined 
to produce the effect, of your individual example. 

It appears as plain on this plan as it did by the section, that 
these geometrical, or merely mechanical explanations, show suffi- 
cient reasons for larger spaces at A and C than at B, and conse- 
quently more capacity for receiving minerals; and that no greater 
difference in the principle of action exists, between the vertical 
and the horizontal, than that the line of sectional contraction of 
Figure 5 is a constantly close approximate to that of the Earth's 
surface, or a tangent to the Earth's radius, whilst that of the 
plan. Figure 6, is as frequently changeable as the direction of the 
veins, of each individual district throughout the world. 

This is a novel and tangible cause for the well-observed fact 
of such richer portions of veins, and I think that it may be 
also the reason why veins of small dip, " caunters," and " cross- 
courses" are less mineralized than those that lie more trans- 
versely to the lines of greater contraction. 

Where an occasional exception occurs to this rule, the subse- 
quent decompositions have, for similar reasons, again dispersed 
the minerals. 

16. Free passage and much water are regarded as good in- 
dications for extensive deposits of the minerals; which also 
favor these ideas, and that such portions were, and are being, 
mineralized by infiltration. 

17. Xiodes often vary in size from other causes than those of 
direction and dip, as the one wall actually sliditig down the other, 
&c. ; and the larger places are generally much richer (for the 
reason of such free passage of water) than other more compact 
sections. 
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These frequent ezpansions or "wallows" of lodes, between 
irregular walls, that must have been first parallel, may have been 
also sometimes produced by highly heated water ( as described 
in Chapters II and YII), which would dissolve or hydrate the 
silicic acid of the silicates of potash and alumina from the 
adjoining rocks, and thus add to the general solution more of 
the solvent or matrix, silicic acid, with the alumina or clay, for 
the joints and walls; whilst the precipitant of potash would also 
be similarly watered and released from its affinity by this high 
degree of heat, and provide a natural re-agent for the precipita- 
tion of minerals at shallower sections of veins, after the press- 
ure and temperature had become suitable for this change of 
action. 

Organic matter from the surface may have greatly aided these 
separations and precipitations in the novel manner suggested by 
the foot note at the end of Chapter X, on mineralized zones or 
reefs of stratum. 

18. Lodes (having also the other necessary conditions) which 
vary in direction, dip, size, &c., are more plentifully supplied with 
minerals than those of perfect regularity. 

19. "When mineralized lodes are intersected or crossed- in 
length or depth by "caunters," ''cross-courses," "slides," or 
* *dikes," they are generally improved at and near their junctions; 
although sometimes the reverse is the case. 

20. A lode is sometimes mineralized on the one side of such: in- 
tersections, and not mineralized on the other side. 

21. A lode is often larger on one side of a cross-course^han 
it is on the other side. 

22. A lode is seldom shifted downward in the manner and 
direction as illustrated by Figure 4, at c, c, and c; and as rarely 
horizontally, as shown by Figure 6, at / and // but it is more 
frequently found on the obtuse-angled side, and when not thus 
situated, if the stratum were transparent, it would be seen that 
a very small intervening block of country had been shifted to 
accommodate the more regular motions of the much more exten- 
sive controlling sections. 

23. The length of any one lode is generally, and the total length 
of all the lodes of a system of veins that have been thus shifted, 
is invariably less than the present length of the ground in which 
they now lie; because (as generally supposed) the strata have 
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idden, or contracted and shortened, more in tlie one directioa 
lau the other. 

24. Other guides to the positions of eliddeu lodes are the 
^mparative percolations and mineralizations (ascertained practi- 
illy by taste or analysis) of ilie waters from both ways, and a 
ight turning of the vein towards its disjuncted part. 

25. True fissure veins seldom crop out boldly above the sur- 
ice of the ground. This, is a general rule, in Cornwall. 

26. Much clay beside the walls and the quartz of the vein, 
I a good sign for mineral; probably because it was decomposed 
^om a congenial feldspathic bed-rock, and also marks a propor- 
ionately long time for production, with great age of veins. 

27. Bich lodes have their completely barren spots, and the 
loorest lodes have occasional stones of rich ores, which should 
lot infatuate and deceive. 

28. Lodes of regular yield are the desideratum of the miner. 
Chey are easily worked, and are more reliable. I am of the 
)pinion that although the various strata of coal and bed-rock 
lave actually changed their places, in a vertical manner since 
leposition, the fissure veins have not been moved horizontally to 
anything like the extent accredited, but were frequently formed 
'til fracture, as explained by the accompanying Figure 7. 

' Pie. 7. 



The cross-courses were first formed; then the regular veins, 
which would naturally sway the line of breakage toward the ob- 
tuse angle, because the lesser distance would give less resistance. 
This is frequently illustrated on the plastered ceilings of rooms. 
The first cracks run in a regular uninterrupted manner, and the 
second but interjoin between the others, as illustrated. 

THE EFFECTS PRODUCED BY THESE COLLECTIVE OaUBES 

Should be carefully and continually observed, as they will 
serve to guide you, to an eminent degree, in the prospection of 
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the mine. Passing by the minor facts, the subjects of intersec- 
tions as governed by bearings and dips, disjunctures and heaves, 
cannot be too well studied, for the correct positions of shafts, 
levels, &c., as well as for machinery; seeing how many really 
good mines have been, and are now being, ruined by such ill- 
considered practices. 

These three sectional veins and the following diagram showing 
the proper and improper modes of working veins, at points of 
intersections, may be considered out of proper place in this First 
Volume, as they belong to the subjects of the Second Volume, 
but as such errors are too common, and I cannot explain the 
surface and deeper intersections of veins, and enforce the extent 
of the error, anything like as well, without such actual illustra- 
tions, they have been used here, in preference. 

It will suffice to caution the explorer and miner against 
this one great and frequent mistake, by the following three-fold 
illustration and example, which will apply also to deposits of ore 
that almost invariably dip more or less, the one or the other way. 

Fig. 8, represents a bird's-eye view or plan of a piece of hard 
and expensive ground, which is 2,000 feet long; herein lies a 
regular east and west lode, that dips south at 80^ ; this vein is 
intersected by an oblique-angled mineralizing **caunter" vein, 
at the one end, that also dips southerly at 60' ; in the middle of 
the ground, a deposit of mineral is shown, on the east and west 
lode, dipping east at about 70'^ ; and, at the west end, a min- 
eralizing cross-course dips west at 60^^. Thus lie three valuable 
deposits of mineral; the one in the middle, and the others at 
each end, following the influences of the " caunter" and ** cross- 
course," and each *' shoot," (** chute," ** shute," or angular dip of 
deposit) is about say two hundred feet in length, as shown by the 
darkened central portion, and those adjoining the intersections. 

Now, it may be very easily perceived, that this mine would 
have been unprofitable if worked as there described and shown, 
by the positions of the one shaft and several very long levels : 
for the shaft is too far west for even the central bunch, which 
gets worse at deeper levels; it is too far off from the fast depart- 
ing mineral that adjoins the under side of the cross-course, and 
still worse placed for the eastern intersection of the caunter, 
which, from being so oblique and dipping so much less than the 
main lode, carries the mineral, deposited under the intersection. 
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rapidly eastward; entirely out of reach of this one shaft, if not 
into your neighbor's ground. 

If such deposits are worthy of being worked, they may be 
wrought properly, and therefore shafts should be sunk on each, 
with separate mechanisms, where shown by Fig. 9, to command 
each deposit, at about midway between the depth where it first 
commenced to be profitable and the deepest yielding depth of 
the district; so that the shortest possible length of levels would 
have to be driven through unmineralized lode. 

Two or three distant, exploring ventilation and drainage levels, 
could have been driven from the central pumping power, if 
deemed more advisable, at distant depths,. as shown by Fig. 10. 

This will often apply to one '* shoot" or strike of deposit, and 
seldom in the manner illustrated, when it will be more advisable 
to have two shafts for this deposit — ^the one for hoisting, the 
other for pumping — situated from two hundred to four hundred 
feet asunder, embracing a similar section of the run of ore 
ground, and also providing, by this simple operation, much bet- 
ter ventilation. 

The engine-shaft will be more independently effective ior 
pumping of water; whilst each will help the other in hoisting, 
ventilation, and traffic; thus, aided by these and double position, 
the mine will be more expeditiously developed in many ways, 
but particularly by having four or six sets of levels, instead of 
only two, continually opening profitable ground. 

As it is most important that the rates of advance of such inter- 
sections should be, for many reasons, well understood, the fol- 
lowing will show an easy method of finding it by construction : 

Thus, in Fig. 11, where the first levels from the shafts are 
communicated, let L, L, and L, be the regular lode, and V, V, 
and V, the intersecting vein at three different levels, caunting at 
the angle shown; S is an engine-shaft on L, and S is a shaft on 
Y. The distances between L and L and L are each such as this 
main lode would gain south, in say one hundred feet deep; now, 
by marking off the corresponding distances that V, V, V, would 
gain southerly at similar depths — in this case about thrice as 
much — and drawing the lines according to the bearing of each 
vein, we thus arrive at the different points of intersection, a, h, 
and c, and perceive that its dip is traversing eastwardly, in a 
dangerously fast and most inconvenient manner, from us. 
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A good and useful practical model may be made, at a suitable 
scale, of the veins of a mine as they lie in situ, by making an 
open top box of the size and shape of your surface ground or 
grant, and as deep as man ever works; in which differently col- 
ored wires may be passed through the ends and sides, so as to 
exactly agree with the several lodes' relative positions, bearings 
and dips, so that their intersections may be seen by a glance at 
the different intended levels of the future .* 

Fig. 11. 




The best, most accurate, and reliable, for past workings, are, 
however, good plans and sections, which should be always kept 
closely posted, in all respects, and hung on the walls of the 
office, that all concerned may see them as often as desirable. 

The value of the lode at each fathom driven or sunk through, 
should be invariably recorded on such sections, for future refer- 
ence, when setting ** tribute pitches " or contracts. A duplicate 
section may be used for this most important purpose. 

A very illustrative example of such a section will be given on 
a future page. 



* This mode of confitruction will be of great value for tracing the positionB of veins at 
the Borfsce, as they will vary their apparent or concealed conrsee, according to dips and 
surface contour, as caused by difference of elevation. 
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CHAPTER IX. 



THE MORE OEKBBALLY BEOOONIZED PBBMONITOBT INDICATIONS, FBOM THE 
SHALLOW PORTIONS OF VEINS, FOB PROBABLE INOBEASE OF MINERAL 
WITHIN THE DSEPEB SECTIONS. 

The most prevalent and congenial matrices of the veins are 
quartz, fluor spar, and calc spar; which control, to a certain ex- 
tent, the qualities, quantities and kinds of the minerals. 

1. Quartz (silicic acid) is an almost universal matrix for all. 

2. Fluor spar (fluate of lime) is not unfavorable for lead and 
copper. 

3. Gale spar (pure, crystallized carbonate of lime) is often 
favorable for shallow depositions of silver, and sometimes lead, 
in certain magnesian limestone districts. 

Heavy spar (sulphate of baryta) is also found associated with 
quartz, fluor spar, and calc spar, in moderate quantities; it ap- 
pears to take its position, however, like carbonate of baryta, 
more as a chance mineral than significant matrix. 

Gypsum (sulphate of lime) also occupies an occasional place 
in veins and pockets, with the leading matrices which carry the 
minerals of silver and lead; but appears to have exerted little in- 
fluence in their mineralization. Dikes of gypsum, which are no- 
toriously deficient of mineral, are more frequent. 

4. These matrices being present in a vein, some other indi- 
cations may be named, amongst which a properly defined vein 
lies most important; for really valuable deposits must be exten- 
sively maintained throughout, as well as contained thereii^. 

A well defined vein conforms to the descriptions given of such 
in the first part of Chapter VIII, which need not be repeated 
here. 

5. It should not be too small to contain a sufficiency of the 
particular mineral or metal sought; or so large as to unduly 
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scatter the mineral throughout the matrices of the vein; the most 
approved width is about four feet, and when this is much exceeded 
(for the above reason and the extra expense of securing the 
ground), the practical value is seldom enhanced. 

6. The matrix, whether quartz, fluor or calc spars, single or 
mixed, must expose that peculiarly congenial ^appearance so fa- 
miliar to the miner's eye, yet difficult to be described, which 
should, however, be closely studied by the novice, in the well 
known rich lodes, as well as in districts equally notorious for 
their poverty; that he may also recognize the uncongenial, non- 
bearing spars. The best characteristics for prosperity are the 
following: They should not be too compact, but somewhat fria- 
ble, '* rotten ripe," or '' sugar like;" although giving occasional 
signs of crystallization, they must not be too much crystallized; 
the quartz should not have a gem-like transparency, but be, in 
natural condition, and stained by the oxide of iron or manga- 
nese, to cream, rust, or rose colors; it should expose, on fracture, 
a moist and/uU, generous appearance, rather than " dry and hun- 
gry;" a repletion of congenial quality, not depletion. 

7. It should be of the specific gravity of 2.8, and not of 2.3. 

8. The oxide of aluminium (alumina, fluccan, or clay) is inva- 
riably present in abundantly mineralized veins, forming two, much 
to be desired, clay-plastered walls, as well as permeating through- 
out the mineralized crevices of the vein. This is, of course, an 
oxidized metal, and as much a mineral as any other; but it ap- 
pears to have been deposited without the quartz, and not within, 
as was the case with the other minerals, and probably a sub- 
sequent formation, thus far favoring the theory fully described 
in Chapter YI, where potassa was supposed to have precipitated 
the minerals from their acid solutions. The alumina (fluccan or 
clay), being present in abundance, is therefore a good indication, 
because it must have been derived from the adjoining feldspar 
during the decomposition of this double silicate of potassa and 
alumina; which must also have released its more soluble consti- 
tutional jpo/o^/i as a gender al precipitant, whilst the alumina followed 
more slowly in mechanical suspension, to fill the remaining in- 
ternal seams and outside planes or walls. 

9. Chlorite, a mineral that varies in color from olive to bright 
green; and talc, which is from green to gray — both partaking of 
the same unctuous surface as clay — are also recognized as being 
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most reliable indications for gold, as the talcose clay-slates; and 
for cinnabar, in the chlorite-stained steatitic rocks. 

10. The oxide of iron appears to have its point as an indi« 
cator, as in the " gossan " of Cornwall, which is believed to b€ 
an infallible mark on the back of a lode for copper and lead at 
deeper levels. 

11. Sulphuret of iron, too, when in considerable quantity, 
has a similar, but deeper intimation, that copper will be found 
still deeper. As a rule/ the oxide is mixed with an extensivelv 
disintegrated quartz, being the result of the decomposition 
of the sulphurets, which preceded the oxide, and thus released the 
quartz into friable condition, to a depth of from a few feet to that 
of, in rare cases, some two hundred feet. The sulphuret next 
follows underneath in like manner until a change appears, aud 
the copper sulphurets are attained. 

The reason that iron is such a general indicator in mineral veins 
is, I think, more owing to its prevalence in the adjoining hed-\ 
rocks, than to any chemical effect; and like alumina, chlorite, 
and talc, it shows by its presence that sufficient actions had been 
at work for solvency, and ample space remained for the free 
traverse of iron, and therefore the other mineral solutions. It, 
in other words, evidences continuous water channels in the vein 
and inclosing cpuntry, and by its presence, the probability of all 
the other accompanying minerals which chanced around. 

12. Good indications, for increase of copper and lead in 
depth, are when an occasional speck or stone of either, or the 
colors of the blue and green carbonate of the former, or the yel- 
low carbonate of the latter, is seen above the water-line. So, 
also, for all minerals, the other conditions being present, as to 
proper definition of the vein, etc., their various ores being found 
in small quantities in the shallow portions, favor an increase in 
depth. Tin lodes require the presence of oxide of iron, and a 
blue stone called " capel," which is composed of quartz, schorl, 
and hornblende. 

In regions of igneous elevations of country, this rule seldom 
applies, because the minerals are formed by different means, and 
therefore generally expose the equally good parts of vein or de- 
posit, at or near the surface; so, that, although the spirit of- 
speculation in sinking shafts for such similar increase may be 
admired, the practice must be deprecaied. 
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13. Yariations in the sizes and directions of veins are favor- 
able to their mineral yields, whether the change is caused by 
difference of direction in length or depth, by the sliding of one 
^all upon the other, or from decomposition and dififintegration 
of the enclosing walls, for reasons previously explained. An 
occasional "horse'' is also more favorable than otherwise. In 
fact, very straight and regular veins seldom realize profitable 
returns. 

14. Mineral water indicates proximity to its source and con- 
sequent approach to large deposits of minerals, both when they 
are in actual course of deposition from such solutions, and when 
they are being decomposed into after solutions. Large deposits 
of minerals, however, have been frequently found intervening 
the stages of formation and decomposition that afforded no such 
evidence. 

15. Hot water from an advancing level or shaft is often the 
precursor of mineral deposits, because the water, by percolat- 
ing through their sulphurets, is warmed to a higher degree than 
would otherwise result at similar depth. 

16. Embossed or ** boldly cropping" veins are generally 
favored, but only l>ecause they expose evidence of continuation, 
rather than plenitude of mineral. 

17. In " true fissure " veins, it is a most unusual thing to 
find much outcrop; and, when present, it is not a good sign for 
mineral wealth. 

The vein should be so friable as to give way to, rather than 
resist, the effects produced by washing, freezing, and consequent 
disintegrations from water, which, aided by chemical decompo- 
sition, should produce '* gossan." 

It must not, however, be forgotten that each district has, to a 
certain extent, peculiar indications, beyond those already named, 
and that some of these are occasionally of no very material value. 
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CHAPTEE X. 



MINEBALIZED BEEFS OB ZONES OF STBATUM. 

Many profitable mines have been found, in mineral-bearing 
reefs of tilted strata, where no veins of the ordinary characteristic 
features and forms existed; although the nature and kind of the 
rock itself, and general requisites of the surrounding country, 
were the same in all the necessary conditions, as would have been 
required for minerals deposited within the walls of regularly -well 
defined veins. 

The best known instances of such mineral-yielding formations 
are those of the cinnabar mines throughout the world, which are 
generally found, iix belts and patches of rock, of a more or less 
steatitic, or talcose, nature; which may range from compact talc 
(steatite) to talcose clay-slate, shale or schist, and, in rare in- 
stances, to even sandstone. For extensive deposits of this min- 
eral, it is also necessary that sufficient heat had been, at some 
time in action, for the sublimation of the mercury from beneath; 
so that it might condense in the more or less extensive ramific^r 
tions of the internal crevices and irregular pockets of such suit- 
able stratum, and if sulphur was supplied at the same time, 
cinnabar would have been the final result from their chemical 
combination. For such reason, igneous action must have pre- 
vailed beneath, at some comparatively recent time, and corres- 
ponding metamorphism should be expected and sought for at 
the surface. 

The more general indications for cinnabar in the several mines 
of California which I have examined, are belts of much-distorted 
and crumbled steatitic strata, the broken surfaces of which have 
been plentifully stained green by a profusion of chlorite, whilst 
the cinnabar is sometimes coated with brown or black faces, 
somewhat similar to mineral pitch. 
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It has been supposed that a prevalent, coarse red jasper, is also 
a good sign; but it should be regarded as being more accidental 
than indicative. 

The metal which subsequently united with sulphur to form 
cinnabar had |been evidently volatilized by near protrusion of 
subterranean heat, and again arrested by condensation during its 
upward passage through the many seams and pockets, interven- 
ing such very irregularly disrupted and cavernous country rocks. 
The similarly volatile sulphur should be also present to form the 
subsequent compound sulphuret of mercury, or cinnabar; and 
some of these mines still expose free sulphur upon the faces of 
freshly-broken stones, and native mercury or quicksilver within 
the joints and cavities of the stratum. In several instances, 
warm surface springs are still running from lower positions not 
far distant, and some of them actually appear to supply mercury 
as well as sulphur, which, even at the present time, form cinna- 
bar within the range of their influence. 

The celebrated "Steamboat Springs" of Nevada, and the 
California mine commonly known as the *' Sulphur Bank," are 
noteworthy instances of this kind of deposition; as the former is 
in actual flow and producing present proof of this mineral's 
formation and aggregation, and the latter, showing evidences of 
similar past action, has been, and will probably continue to be, 
a very profitable source for cinnabar, &c.* 

This deposit affords not only illustrative corroboration of such 
being sometimes profitable, but is peculiarly interesting in many 
of its geological features. This so-called " Sulphur Bank," situ- 
ated in Lake county, California, is being very extensively and 
profitably worked by the " Sulphur Bank Quicksilver Mining 
Company," and it has been so practically exposed by many large 
open cuts, that however unusual the formation for such a mineral, 
its great extent and value cannot be questioned, and it must be 
recognized as a most important medium and receptacle of mer- 
cury. 

The site of this extraordinary deposit is some three or four 
hundred feet south of the eastern limb of the triple-wing shaped 



* There are very many warm springs in these several Western States of the United States 
of America, which are depositing the matrices of silica, lime, magnesia, Ac, with small 
linantitiea of the ordinary commercial minerals. 



116 THE EXPLORERS, lfINER8 AND 

Clear Lake, upon the gentle southern declivity of an elongated 
hillock, having a maximum height of not more than one hundred 
feet above the water of the lake, which is about fifteen hundred 
feet above the distant sea level. This veiy peculiar but valuable 
deposit overlies the varied lava formation of this hill, and resem- 
bles the general results from hot springs; as mound-like contour 
of surface, absence of soil and vegetation, a white encrustation, 
and even thermal springs from the bottoms of the present deeper 
cuts. Boulders are found mixed with the more general mass, 
showing that the deposition was only in part from the hot springs' 
source, and must have been subsequent to them; and as the mud 
and sand of the interstices are still very moist and acid, and 
contain even profitable quantities of free sulphur, the action is 
still progressive. 

The ground intervening the lake and hill is almost level, and 
from the summit it descends southerly, across the mineralized de- 
posit, sixty feet in five hundred. The least dimensions for the 
ore ground have been placed, by four outside examiners, at 1380 
feet long by 480 feet wide and 30 feet deep, and, after proper 
deductions for boulders, etc., they vouch its assay average value 
for quicksilver at 1-fA per cent, for the mineral portion, and li^ 
for the whole mass, or a total of 23,184,000 pounds of quicksilver. 
About 78 per cent, of this gross amount is supposed to be prac- 
tically available, and after deduction of fifteen cents per pound, 
for excavation and reduction, leaves a net balance value of $9,- 
000,000, with mercury at only sixty-five cents per pound. 

Four things are necessary for the formation of cinnabar — mer- 
cury, sulphur, underlying heat, and interstices or cavities in the 
superimposed rock for condensation and aggregation — and when 
these are present, any bed-rock is suitable, but those previously 
enumerated have been most frequently and profitably mined. 

California is doubly fortunate, for in addition to those of gold 
and silver, there are more than twenty quicksilver mines discov- 
ered, and during the last two years, the leading companies have 
realized the following amounts: 

The Bedlngton .^...26,494 flasks. $406,202 

The Sulphur Bank 80,849 " 811,018 

TheGreat Western 14,266 " 140,425 

TheNewIdria 17,846 " 191.669 

TheGuadalupe 18,962 " 263,260 

The New Almaden 66,488 " 997,645 
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The last mine has been profitably T^orked for many years, hav- 
ing, like its namesake of Spain, gained a world-vide reputation, 
and although it has, in common with most quicksilver mines, 
shown dark phases of comparative poverty, yet, by chance ex- 
ploration, profits have so frequently brightened their path that 
its financial failure may, even now, be remote. 

These mines are quite distant from each other, and there are 
very extensive zones of just similar rock formations to those pre- 
viously described, which are most interesting fields for intelligent 
prospectors. During the recent short period, when mercury ob- 
tained a much higher price than now, several mines were discov- 
ered, and it is more than probable that many more are still lying 
but slightly concealed. 

The more favored modes for the reduction of mercury will be 
fully described and illustrated in the second volume, on Mining 
and Metallurgy. 

OTHEB MnVEBAL DEPOSITS IN STRATUM. 

The numerous mines worked in the suitable limestone lead 
measures of Wisconsin, afford another variety of such hidden 
irregular pockets, where veins proper form no direct or indirect 
feature of, or cause for, their riches; and where unguided blind 
43hance must stumble upon the prize, by dint of industrious per- 
severance and search by random drifts, in the supposed more 
congenial portions of the stratum. A deposit of galena being 
found and worked out, the threads, seams, or small pipes, of 
mineral, or indicative stains, are then often followed, which 
sometimes lead to other similar deposits. These have been 
mostly found in the naturally stratified rock formations; but we 
have many instances in this more western country where very 
thick reefs of tilted strata have produced large quantities of min- 
eral, and one particularly remarkable instance in the State of 
Nevada of the large mineralized reef or zone, from which the 
Eureka and Richmond mines have obtained their rich argentif- 
erous lead ores, and tionsiderable profits. 

It appears from recently afforded legal evidendfe, that their 
general excavations, beside, within, and across the great breadth 
of the reef itself and through the ore ground, have clearly shown 
that the mineral extended hither and thither to every direction 
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in most irregular deposits, which sometimes lay for short dis- 
tances by the side, but more frequently interlaced the general 
bed-rock of the reef. In this case it did not appear that the 
minerals either showed the usual book-like laminations of veins, 
or that they were contained in, or surrounded by, the ordinary 
vein matrices. 

In such like formations there may be a more or less general 
percolation Of gases and waters, and consequently, connections 
by very small and obscure, natural pipes and seams, must also 
prevail; but they do not show any other resemblance to regular 
veins. 

The large surface deposit or open basin of carbonate of lead, 
worked from an exposed cut or quarry, at the Montezuma mine, 
Humboldt county, Nevada, and many other such deposits, were 
similarly formed and deposited in chambers or caverns beneath 
the surface; but they have been subsequently exposed by denu- 
dation. 

The rock formations of Cornwall are probably as regularly 
deposited and well settled as can be seen in any other part of 
the world, for it is composed of granite and slate, with occa- 
sional feldspathic patches, being quite free from either the lime 
or magnesian rocks or volcanic invasions, yet even in such a 
formation very extensive excavations by ancient miners, of richly 
mineralized strata, have left us two exceedingly large .surface 
basins, the one called Gwennap Pit, near Saint Day, where 
religious meetings are held on celebrated days, and the other 
the Navvy, at the head of my native valley. Forth Towan.* 



* Before closing these chapters on mineral veins and deposits, I would record the f oUow- 
ing ideas, which may, some day, be more fully recognized and established: 

Organic matter, in decomposing condition, is generally present in silicic acid and other 
earthy solutions, which, when passing diavm through the veins and pockets, may serve as the 
very important reagent for simultaneously releasing and precipitating the silica, alumina, 
lime, potash, &c., with the gold, silver and base minerals upon the dualistic, lamellose 
aggregations of the veins, and in the above more irregular deposits; in a manner differing 
only from petrifactions, by the equally disseminated weak solutions of organic and inorganic 
elements, causing the cleaner and more regular quartz-like^dqaosit. 
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SECTION II 



EXPLO RAT ION. 



CHAPTER I. 



PBOSPEOnON. 

From time immemorial, it has been the first duty of the miner 
to explore or prospect the surface of a country for minerals and 
metals, and for many ages this convenient source must have 
yielded a sufficient supply for the limited demands of the ancients; 
but, after some thousands of years had passed away, men discov- 
ered, not only more metals, but very many uses to which they 
could be applied and rendered eminently subservient to their 
varied purposes, the most wonderful of which are the printing 
press and the daguerreotype; the power loom, the steam engine 
and the electric telegraph; magnetism, galvanism, and chemistry. 
It is, however, during the last century that their developments 
and consequently useful powers have far surpassed all previous 
ages; for the steam engine has modified the maxim that ''heavy 
bodies are slow to be moved," and the electric wire has more than 
realized the poetically wild expression of Shakespeare, by '' put- 
ting a girdle round the earth in forty seconds." 

Is it not most deplorable that these astounding strides of 
science should also mislead mankind into gross sinndles and 
heinous inhumanities, as this greatest of all legal wrongs, the 
*' diamond drill," when used hjrich rnanaging trustees for tapping 
the quality of mineral veins, for first and exclusive information 
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against the poor and helpless, but more numerous stockholders; aud 
that diabolical weapon for modem warfare, the " torpedo/' now 
actually approved and allowed by intelligent peoples ? 

The first is worse than highway robbery, having no excusing^ 
feature, and should be immediately suppressed by an especial 
law. The second is a disgrace to civilization, and all nations 
should join hands to stop such scientific multitudinous murders . 
The present vessels for metallic armaments are so ponderous 
and expensive, that the muscles and products of peace are greatly 
wasted in preparing these iron-clad monsters for war. 

The metals are not only a necessity for, but should be an ac- 
tual measure of progress; for it cannot be denied that the coun- 
try which possesses the greatest weight of manufactured metal per 
man, has attained a corresponding degree of influence in the 
world, which cannot be perpetuated without an inexhaustible 
supply; it is, therefore, imperatively necessary that we should 
economise by every available systematic means, to render these 
ruling commodities cheaper than they can be supplied from else- 
where. 

It should be a matter for appreciation, that the inhabitants 
of this country have not only a present available profusion of 
these most imperatively necessary natural materials for a great 
nation's immediate prosperity, but that they have such vast quan- 
tities, more particularly of coal and iron, as to insure continued 
success in the future, even long after other leading nations have 
waned from prosperity by absolute deflcieney of such supplies. 
These, under ordinary historical rules for advance, should natur- 
ally place this country, in the not distant future, far ahead of all 
others. 

Remove the metals from the world, then knowledge, power, and 
the glorious light of civilization, will be so obscured, that men will 
stagger through the hopeless gloom of ensuing ages. In modern 
mining, the business of exploration becomes again the most im- 
portant of all the phases of the miner's practice; for preliminary 
judgment governs the after success or misfortune by the wise or 
unwise selection from mineral veins. To be a good prospector is, 
in itself, a business that requires many qualifications, as well as 
much study and practice. Constitutionally robust and enduring, 
he must be as wary as the Indians, and accustomed to their ways; 
»d shot, cool as a statue and brave as a lion, in fight; he 
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shoTild be an able rider, and familiar with the management of 
horses, under many, ever-varying circumstances, to be anticipated 
at daylight for realization at night, as water, feed, safety, etc., 
for the animal and himself; and lastly, but certainly not the least, 
a very good plain cook, and a small eater. If not in possession 
of such qualifications, he had better stay within the more tran- 
quil and congenial pale of civilization. 

No one can admire the steady courage, energy, and firmness 
of such men more than I do; but their judgment and discretion 
must be kindly questioned and deprecated, as it is, indeed, for 
many reasons, a most unprofitable and thankless business; but, 
as the London Times once truly said, '' mining ^infatuates more 
than it deters," and you will therefore run chances — per- 
haps for the good of ungrateful mankind — but we hope for more 
than average personal success. 

The New York Times has also recently circulated the following 
pertinent remarks oh agriculture and mining: 

" Despite the immense yield of gold in Calif oxnia, it iB now shown that her tUUble soil 
prodnces more actual wealth than her richest mines. Her grain and her fmlt exceed in 
valoe the best of her placers. Her grape crop this season will be so very large that preiwr- 
ations are being made to convert one thousand tons of grapes into raisins. Most persons 
think of CaUfomia only as a gold-bearing State, and it is pleasant to know that her agricnl- 
toral reeonroee are beyond those of her mines. Agriculture is apt to pay better than gold 
or BilTer-seeking in any fertile, wbll-cultiyated region ; but ikertU av)H offatdnation about 
the precious mdait that alJura mm the toorld over, and bUnds them to more rational and legit- 
imate branches of industry. It is said by those in a position to know, that not one man in 
fifty who has dug for gold on t^e Pacific slope has procure^ any oonMderable amount. 
F<»rtune-makerB for the most parthaye been, and are still, speculators in San Francisco and 
Sacramento. A great majority of the men who have gone to California for gold, from 1840 
to the present time, have not, it is declared, secured as much as it cost them to* reach there 
and return. The hardest possible way to obtain gold is to look for it in the ground. It is 
generaUy much easier to get it by staying away from the mines." 
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CHAPTER II. 



HO'W TO EXPLOBE. 

To obtain a suitable outfit is the first duty of the prospector, 
and the following list of articles and suggestions may be of some 
value to those uninitiated in this sphere of life: 

He should have two pairs of thick blankets, a bufEEdo-skin, or 
if possible, the more luxurious comfort afforded by a pneumatic 
rubber mattress and pillow, which are very light, pack closely, 
(after the exhalation of air,) and, by protecting the body from 
the emanations that arise out of the damp ground, prevent dis- 
ease by increased accommodation. Two strongly buckled leather 
straps, for securing blankets, mattresses, etc., when packed for 
traveling. A suit of^strong gray clothes, a change of flannel un- 
derclothing, a slouch cap, and a strong pair of boots. A Henry 
or Spencer breech-loading rifle; a full-sized Tranter's, Smith & 
Wesson's, or Colt's six-shooter; a leather holster, with waist-belt, 
and a good hunter's knife. A mule, or a mustang horse, accus- 
tomed to mountain life; a bridle, having a short whip attached; 
a homed saddle, fitted with rings for securing blankets, saddle- 
bags, water-canteen, etc. ; one of the stirrups (I prefer the left) 
should be fitted with a tube for receiving and supporting the 
muzzle of the rifle, the upper end being suspended by a leather 
yoke, so riveted at its middle that one loop can be tightened on 
the taper rifle stock, and the other passed loosely over the saddle- 
horn, that it may be freed for immediate use when necessary. 
This same yoke can be used for *' hobbling " the animal at nights, 
by punching two holes at a suitable distance from the ends, to 
allow sufficient freedom to the legs, when securely tied with 
buck-strings, through these holes, and then stop-knotted, so that 
the animal shall not stray too far away, when the scattered pas- 
^■irage prohibits the use of a picket-rope. A small ** poll" pick, 
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and a light and solid wrought-iron baking-dish, of the shape of 
the prospector's pan: to be used, as required, for either purpose. 
An eight-inch wrought-iron frying-pan, a coffee-pot, tin cup, 
fork and spoon, a good supply of matcheei, some soap, a towel, 
etc. A blow-pipe, with suitable tools and fluxes for testing and 
assaying. 

These, with a pocket compass and spy-glass, constitute a first- 
class prospector's outfit, and with such, (excepting only the 
bufifalo-robe, mattress and pillow,) the writer has made a lone 
journey of eight hundred miles, over fourteen ranges of moun- 
tains, in thirty days; cooking bread and yictutds, en roiUe, from 
the following provisions: flour, fourteen pounds; bacon, eleven 
pounds; tea, one-half pound; a box of yeast powder, with pepper 
and salt. These, varied and assisted by two jack-rabbits shot 
on the way, desserted with good digestion, were more relished 
than better food would have been under less active and invigor- 
ating circumstances. 

It would be f oU^ to attempt a minute description of the gen- 
eral subtleties of sage-bush cookery, as most men will succeed 
therein as well as I did, and will be enabled to get on sufficiently 
well to prevent starvation, (if not to realize the value of tasting 
grief, that they may learn to live more contentedly afterwards) 
and necessity will dictate many varying dishes, by roasting, fry- 
ing, and stewing. 

There is, however, one suggestion that may enhance comfort, 
when passing through an unusually dangerous Indian country, 
when fires must be avoided at or near your camping-ground, and 
cold collations become a consequent necessity. In such circum- 
stances, I boiled, when in security, one-fourth of a pound of tea 
in a quart of water, for ten minutes, and after removing the 
leaves, continued the boiling of this strong tea-water until it 
evaporated to about a pint, which I carried for use when required; 
it win be found that one spoonful of this, when added to a cup 
of water, makes a much more palatable and refreshing beverage 
for washing down your frugal meal than water, and it will pre- 
vent the headache that will otherwise result. A good remedy 
for the headache, in still more dangerous journeys, is to chew 
either of the agreeable and nourishing herbs tea or coffee, as 
many do the useless and disgusting weed tobacco. 
This, being under peculiar circumstances, was worse fare than 
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such men generally enjoy, and as I was alone, and trayeling^ over 
strange ground, my poor, unfortunate animal, even thus freig^ht- 
ed, with self, supplies, etc., had to pack two hundred and fifty 
pounds thirty miles per day, under a scorching sun, over moun- 
tains and alkaline flats, partaking of her scanty fare of clxanee 
bunch grass, during the night, most miserably restricted by liob- 
bles. Mules have been much extolled for this work, and they 
may be better on the hard mountain; but, for the general pur- 
poses of exploration, the good, hardy, enduring mustang, if free 
from vice, is not only faster, but much easier for the rider, and 
on soft ground travels freely, where the mule, sinking deeper 
from insufficient area of foot, is retarded at every step; moreover, 
tlie mule's back is so ridiculously too straight for the requisite 
stability of the saddle when traveling over undulating couiitxy> 
that this alone would favor the use of the horse. As to their 
comparative measures of amiability, neither can claim much 
sup^ority, for the old saying of '' Stubborn as»a mule/' may be 
equaled by a new one, " Wicked as a mustang." 

These desirable equipments are often curtailed by a deficiency 
of cash, and those that are imperatively necessary are selected 
at discretion; but, in no instance, (unless prospecting for a 
lunatic asylum,) should he expunge more from the list than the 
horse or mule, with their appendages; the buffalo-hide, ' rubber 
mattress, pillow, one blanket, and the rifle; then he should, if 
possible, obtain the substitute of a faithful donkey, to pack his 
baggage and share his solitude. 

Before moving yourselves away from water and grass, it will 
be necessary to resort to your most superior judgments for the 
whereabouts of the next suitable camping-ground, which I have 
seldom failed to anticipate from the following considerations: 

In viewing a distant mountain, take particular care to measure 
with the eye the extent of mountains slope that is drained by any 
particular canon; for, the greater the expanse of such surface of 
drainage, the more likely you are to find water. Granite, by 
absorbing less, yields more surface water than clay slate, and clay 
slate more than limestone. Snow-capped mountains are more 
to be relied on, in such positions, than those that are uncovered. 
Patches of willows, cottonwood, wild oats, rye, and other greens, 
^'^dicate, by their extended growth beyond the mouths of canons, 
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the presence of water, which may be often seen at great dis- 
tances. 

Water frequently runs, during the night and early mom, much 
farther down the flats than after the sun's meridian heat has 
evaporated a portion of the nmning stream and its upper tribu- 
taries; so that, in apparently dry rivulet bottoms, moisture if not 
water, may be found a few inches under the surface, showinpf 
that it has recently run thus far, and the probability that it still 
flows a little higher or nearer to the mountain gorge. 

Where water runs, grass will also be almost invariably present, 
in sufficient quantities for transient feed. If darkness should 
overtake you before reaching such a canon, your animal will And 
water, by superior instinctive faculties, if unrestricted by reins, 
much sooner than you can. 

It may be occasionally necessary to ascend a moimtain that is 
deeply covered in snow, to examine some prominent out-crop; 
and if you have not the regular ten feet long by four inches wide 
snow-clog, you can readily make a substitute, by interlacing a 
few willows to form a support of two feet long by one foot wide, 
with holes in a suitable midway position for securing them under 
the shoes or boots. These will bear you up in very soft snow, and 
are much more easily made, carried and used, than the others, 
which require considerable practice, for much advantage. 

In making the last-named snow-shoe, it is better to round off 
the outside comers and finish to the shape of a half -moon. 

In cold weather traveling, it will also be very necessary to 
resort to extra artificial means for keeping the hands and feet 
warm, and a pair of kid or buckskin gloves or mittens, lined or 
covered with flannel, will be ample for the hands; whilst a barley 
sack, cut into rectangular halves, wrapped and tied around the 
boots, will be superlatively effective in preventing the feet from 
becoming cold and frost-bitten. If you have no cord for secur- 
ing the half -sack, you may first cut the sewing of the barley-sack, 
and then, after cutting it straight through its longest diameter to 
form two triangles, they may be bound around the boots, then 
secured under the hollow of the sole, and over the instep, by 
knotting the acute-angled ends of the canvas. 

Being thus prepared, the important questions arise: Where to 
prospect? Wliich formations should be sought? And what 
should be avoided ? 
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CHAPTER III 



WHERE TO EXPLORE. 

There are but very few general rules in mineral formations, 
and in many instances those which were once conformable to 
rule have become so modified and disguised, by extensive vol- 
canic action, that original features cannot be recognized; under 
these uncertain circumstances, they can be valued only for what 
is immediately in sight, in such limited irregular and scattered 
pockets of the base minerals, alid when combined with the other 
requisite facts, at more remote distances from volcanic heat, in 
the interior of primitive and secondary formations, for more 
profitable quantities of the precious metals. 

The history of the world's mining has however, most clearlv 
demonstrated this very important fact, that all of the great sys- 
tems of true fissure veins, of the extensive and profitable mining: 
districts, have been discovered and wrought in close proximity 
to, or within a few miles of, the ^ junction of the primitive with 
the secondary formations; sometimes in the former, at other 
places in the latter, and frequently in both strata. 

This principle applies more palpably to the older, less dis- 
turbed and regular formations, of the reactions produced in the 
true fissure veins of Nature's laboratory, and to gold, silver, cop- 
per and tin deposits. 

Gold and silver, though strictly conforming to this position, 
appear to require the additional assistance of a. partial disturb- 
ance by somewhat closely approaching lateral or underlying vol- 
canic heat, to collect and concentrate their atoms, by some means 
(little understood); whilst the same power appears tp lessen the 
previous deposits of the volatile base minerals by dispersion. 

I have never seen a profitable mine for either lead, antimony, 
zinc, mercury, or the other very fusible and volatile minerals 
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within the distance of two miles from any primitive range, and 
then only in transverse veins to that formation, and the other 
veins of the district; but, with very few exceptions, they are found 
ranging from this distance to some few miles away. It should 
be remembered that very small patches of primitive rock, accom- 
panied by the appropriate surrounding conditions, have produced 
some of the most extensive ramifications of. rich veins in the 
world; so that very large primitive mountains need not be always 
present, or comparative mole-hills be despised; for where such 
arise in the congenial clay slates, or in metalliferous carbonates of 
lime 'and magnesia, there you should most delight to sojourn for 
prospection. Such hills, in Cornwall and elsewhere, have pro- 
duced in their immediate localities, near their junctions with the 
clay slate, in both these rocks, enormously rich and lasting mines. 
(See cut at page 77.) 

In the United States of America, there are four very extensive 
and interesting mining fields west of the Mississippi Valley: the 
first of which commences at, and continues from, the Guadalupe 
and Sierra Madre of Mexico, and passes, in a northwesterly 
course, through the Territory of Arizona, by several somewhat 
broken, parallel, primitive mountain chains, the principals being 
the Ghiricahui, Santa Catarina, MogoUon, and Finaleno ranges 
of mountains, all of which are known to be surrounded by the 
various slates and other metalliferous secondary rocks. 

Ancient records, miners' relics, and excavations, have been 
discovered all over the interior. Notwithstanding these demon- 
strations of past value, this country has been thus far but par- 
tially explored by modem miners, because of the persistent de- 
termination of the Indians to prevent the further encroachments 
of the civilized peoples on their country and hunting grounds.* 

The second and still more inviting zone commences north of 
the Colorado Eiver, where the Sierra Nevada rises and continues 
this northwesterly course for hundreds of miles in length, uplift- 
ing on its western slope the talcose clay slates of California, and 
on its eastern side numerous patches of clay slate and lime. 
This western slope of the Sierra Nevada is so well situated, for 
climate and proximity to the ocean, and so amply supplied with 



* Since this was pnblished in the previous editions, several good veins have been found 
in these remote districts of Arizona. 
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wood and general provisionfi, that it will undoubtedly beoome 
the most profitable, as it now is the most interesting and exten- 
sive, mining field in the world. For the reason of being gener- 
allj covered with soil or alluvial debris, the greater desire of 
prospectors to penetrate the unexamined interior, high rates of 
wages, partiality of capitalists for real estate,''high interest to be 
obtained for money, and being further damaged by reckless mar- 
ket mining, as well as by the more ruinous practice of erecting tJie 
various reduction works before the mines were proved by shafts 
and tunnels, with many other general extravagances from unsys- 
tematic mining, the mineral resources of the country have not 
been exposed. But the day is not far distant when, after many 
local notions are forgotten, and mining shall become the precur 
sor of miUyig, that the quartz veins of this State will be worked 
as economically as those of Brazil, Australia, ' and New Zealand; 
and hundreds of ledges will then be reduced at a profit that are 
now unvalued and idle, which will lead to the discovery of thou- 
sands more.* 

This range, after passing beyond California, bends to the north 
northeast, and continues, by way of Shasta Peak, Mounts Jeffer- 
son, Pitt, Hood, Bainier, Adams, St. Helen, and Baker, through 
the State of Oregon and Washington Territory, where similar 
analogy predicts mining success in the future. It then heads its 
several broken links to the north northwest, through British 
Columbia, and thence into perpetual snow ; thus forming an 
almost entire line from Mexico, at about two hundred miles dis- 
tant from, and parallel to, the coast. 

When these northern countries of Oregon, Washington Terri- 
tory, and British Columbia become more thickly populated, the 
dense forests of trees and brushwood will be cleared, and the 
country rocks more closely examined, in the rolling foot-hills and 
gulches of mountains which are now inaccessible. 

British Columbia, (outside of its auriferous gravel,) has not 
thus far developed into a profitable mineral region, although it 
is almost certain that such a vast country will redeem itself in 
the, perhaps, far-distant future. The mountains where minerals 



* Since these and Bimllu: remarkB were printed, the minea and mills of Amador county 
haye been worked much more systematically and economically, by better mining, water 
power, rock-breakers, self-feeders, &c. 
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e likely to be found, lie at great distances from the sea coast, 
d the country is so completely covered by trees, brushwood, 
ms and mosses, that until trails are made by the Got- 
Qment, it cannot be prospected. The principal mineralized 
nes of the mainland, appear to be far east, even beyond Cari- 
o, to the north of, and opposite, eastern Idaho and Montana; 
3 ere the Rocky and Wahsatch primitive-mountains unite, to 
t the secondary and mineral-bearing rocks. Vancouver island 
pears to be very igneous in its general formation, but there are 
veral large mountains, v^hich lie in a lineal chain from almost 
d to end, that should be examined, as they may have suitable 
tings of mineralized strata lying upon their slopes. 
I had a remarkably good opportunity of seeing the central 
irtions of this island when examining gold-bearing quartz 
lims on the head waters of the Ashlet river, which discharges 
to Barclay Sound, on the western coast, as we had to actually 
ilk 160 miles over dead logs, beneath the dark forest of trees, 
ross the island, and thence up this hver to the mineral site, 
rough an indescribable profusion of ferns, mosses and *' devil's 
libs." All of the island rivers produce gold, and this one, was 
ing profitably worked by Chinese.' 

The whole of Vancouver, and the hundreds of other islands 
ith their intervening waters lying between it and the main-land, 
e extremely beautiful, and there are two things I must not pass 
er without honorable mention, which are, first, the " Chinook," 
classical language of the various tribes of Indians and white 
habitants ; and secondly, the fact that we traveled in perfect 
f ety with and through Indians who were fully armed when we 
ere not. This language was introduced for trading purposes 
r the Hudson Bay Company, and it has now become generally 
lown by the old Indians, the English, and even the Chinese ; 
bom the Indians despise and ridicule at every opportunity. 
I think the convenience for explanation by this jargon has 
eatly aided in the civilization of these men, and the peaceful 
icupation of this vast country by such an exceedingly small 
mmunity. 

The third field, the Wahsatch Mountains, commences a little 
)rth of the Colorado Biver, some hundreds of miles east from 
id abreast of the second field, and runs north to confluence 
ith the Bocky Mountains ; forming the eastern primitive-rock 
9 
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rim of the immense volcanic basin of Nevada — passing betweea 
it and Utah — the western flanks being, however, chiefly in tlie 
State of Nevada. 

From the Sierra Nevada to this primitive's elevation of the 
secondaries, the country is, with very few exceptions, a vast bell 
of volcanic clinkers, in which extensive mining districts will not 
be discovered. 

The both slopes of the Sierra Nevada have been too much 
neglected, to favor the more dangerous and less encouraging 
distant regions. 

The mines that have been discovered east of the Gomstock, 
(which is on the eastern side of the Sierra Nevada,) have been in 
connection with the few granitic islands that withstood this vol- 
canic fusion, as the Austin Mountain, Battle Mountain, Trinity 
Mountain, and the mines at Unionville and Eye Patch, which 
are upon the opposite sides of the Humboldt Mountain, and 
within a mile of the primitive formation at Eocky Canon. 

The Wahsatch Mountains, having all the advantages of the 
various granitic and the older secondary formations, overlying 
its both slopes, as well as its numerous spurs, being of favorable 
acclivity, and of varying distances from this volcanic cauldron; 
some parts will be favorable for the argentiferous base minerals, 
whilst other places will have the more suitably remote advant- 
ages for the production of the precious minerals and metals. 

It is also probable that, as eastward distance is attained, mod- 
erately thick deposits of coal and iron will be discovered, in the 
more central basins lying between these and the Eocky Moun- 
tains. 

The fourth field is that formed by the Eocky Mountain, (which 
divides the water-courses of the Atlantic and Pacific rivers,) as 
it trends northerly from the southern portions of New Mexico, 
through the whole lengths of Colorado and Wyoming ; thence 
northwesterly, through Montana on the east and Idaho on its 
west, into British Columbia, where this mighty formation unites 
with the northern end of the extensive Wahsatch range and ap 
proaches and parallels the broken northerly extension of the Sierra 
Nevada, both bearing, as the coast, about north northwest. 
In this enormous length, the eastern slope will present con 
stant variations, facing, as it does, such a vast plain, formed by 
the alluvials of all ages. Under such circumstances, it is prob 
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ble that the various minerals will be found in far distant sec- 
ons, along* its serrated flanks, as suitable local strata may en- 
Durage their presence; and that heayj and frequent beds of 
oal will be found, transversely approaching in the alluvial 
ionghs, at varying eastwardly distances, when remote from 
lei^morphic action. 

These are the genuine fields for such enterprising men, and 
here their indomitable perseverance will be more frequently 
awarded by profitable mines. 

After the discovery of the rich Comstock ledge, on the eastern 
erge of the Sierra Nevada, it was not strange that prospectors, 
kvored by a magnificent climate, should have been infatuated, 
nd enticed forward into the far interior, for first examination 
f the unexplored land, that loomed, with all its distant and 
3sy, enchanting grandeur, before them, as mountain after moun- 
iin arose, with irresistible enticements of apparent nearness and 
irgin nudity, that solicited and facihtated their exploration by 
he miner, to an extraordinary degree. 

Under such unusually favorable circumstances, with hundreds 
)f thousands of square miles of uncovered bed-rock, the wonder 
8, how little — not how much — ^has been discovered, by the money 
md labor expended, in this part of Nevada. 

The minerals that may have existed have since been fused, 
'olatilizedy and dispersed, excepting some few veins that laid in 
ind near the patches of primitive rock which resisted the progress 
>f this igneous configuration. 

The author has traveled through most of the portions of Eu- 
•ope, Western Asia, and Northern Africa, more particularly cele- 
)rated for beauty and grandeur; but nothing in those countries 
^n he compared to many parts of the vast interior of some re- 
gions of the Pacific States, more particularly when displayed to 
new from the summit of a mountain somewhat higher than those 
ttound. 

The atmosphere is so clear, that two hundred miles may be 
ooked through more distinctly than twenty miles on the sea-coasts 
>f Northern and Western Europe; so that some scores of moun- 
-ains may be seen at a glance, rising in grand sublimity, real- 

* • 

'Zing all the shades of blue, violet, and purple of the painter, 
^d affording lessons in geology never to be forgotten. 
This is pre-eminently the country for illustrating all the effects 
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produced on earth by fire and water. It is very remarkable foe 
the extremely rugged, disjointed, and serrated contour of the 
enormous quantity of irregularly washed, naked mountain flanks, 
which, trending northerly and southerly, like so many equi-dis- 
tant, eflongated, pyramidal islands, arising from an ocean ; the 
sand flats being all about the same level and alkaline appear- 
ance, whereon nothing but the wild sage and grease-bushes grow, 
as successors to the past seethings and conflagrations, and the 
hardy precursors of future vegetation upon the ruins of this vast 
cemetery, where, in these gradual uprisings from the ocean's 
muddy bed, flsh, animals and forests grew and petrified ; nov; 
meandering rivers run but to sink into the volcanic chasms and 
debris of the past; a perfect panorama of geological illustration, 
exposing the wondrous diversities and tremendous distortions of 
tbe past and the fixed tranquility of the present. 

Here may be seen, at one glance, a portion of an ancient ocean 
bed with its fossils, on the summit of the highest mountain; on 
the next intervening flat, an extensive petrified forest; innumer- 
able and variously mineralized alkaline springs, as miniature 
water volcanoes; relics of extinct fire and water volcanoes, sul- 
phur mounds, alkaline flats, with seas of frozen lava: amidst 
enormous more general upheaves, equally tremendous disjunctive 
shifts occur, which expose every conceivable form and color to the 
open day of a climate that, though too clear and dry for profuse 
vegetation, is most exhilarating and congenial for man. 

Since the above remarks were printed, I have visited Colorado, 
and after passing down from Cheyenne, on the east of the Bocky 
Mountains, as far as Del Norte on the Bio Grande, followed up 
that river to the summit of the southern portion of the Bocky 
Mountains, and thence a thirty-five days' ride down to and over 
the rolling high table-lands of the southwestern comer of Colo- 
rado, lying at and around the La Plata Mountain. 

This region has an equally good and pleasant climate, but hav- 
ing more summer and autumn rains than those described, the 
rolling country is distantly studded with a species of sugar pine, 
in an almost continuous park, of nutritious bunch and ring 
grasses. It is a magnificent region for surpassing beauty of 
mountains and plains, and, in addition to the frequent showers, 
is extremely well watered by many small gulch streams, and the 
five clear-water rivers, Dolores, Mancus, La PlataC^ Animas and 
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lorida, which, after diverging for considerable distances, like a 
ide-spread hand, empty into the Colorado at distant points. 
i was once thickly inhabited by the ancient Aztecs, and is indeed 
paradise for modern prospectors and stock men. If a railroad 
hall ever be extended this way, millions of cattle will be raised 
>r distant markets, at great profit. In reference to the chances 
}r mining, I may say that vast areas of coal await men's require- 
lents; and although tihere has been but little exploration for 
etris, many have been discovered, and some are of most prpmis- 
ig character. There are small scattered areas, still remaining 
a this district, which are eminently interesting for further pros- 
•ection. 

These four immense fields for mineral are still but very partially 
xplored, and possess unusual advantages. The climate is un- 
urpassed by any similarly extensive region in the world, so that 
prospectors can sleep out with impunity, and incur little risk 
rem disease. The mountains of the interior, excepting those of 
)regon, Washington Territory and British Columbia, are gener- 
Ily bare to the bed-rock, and invariably so in the gulches, which 
ifford superior facilities for prompt examination. 

The present elevation of the low, flat grounds, constituting the 
)ed of an ancient ocean's debris, as washed from the mountains 
luring the gradual changing of the level of this region, now va- 
ies from about 3000 to 4500 feet above the level of the sea, and 
iffords natural roads for traveling in any direction from moun- 
ain to mountain ; whilst their foot-hills and extensive canons 
l^enerally supply more than sufficient bunch-grass and water for 
he animals. 

Another advantage is realized from the fact that animal food 
nay be kept for an almost indefinite time, without being salted, 
Jven during hot weather, because of the extreme dryness and 
^rity of the atmosphere. 

It is, moreover, free from malignant diseases or dangerous 
vild beasts, and the Indians generally prefer giving civilized man 
I wide berth. 

In mining, it will have the advantages of high reserves of min- 
eral in the mountain veins; and for this reason, the lack of rain, 
ind that of the general fact of a peculiar disposition of the water 
o sink deeper in this elevated and disjointed country, large 
Jumping engines vnll be seldom required; whilst wood is gener- 
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ally found in sufficient quantities for hoisting, milling and snie.' 
ing the ores. The disadvantages are, remote positions from u 
sea, which in one belt is already modified by the completion ■ : 
the Atlantic and Pacific Kail way; other railways will in time f' 
low, to benefit the different transverse belts through which tbi 
must pass. This distance, with the present high rate of wagit-, 
etc., will prevent the successful mining of base minerals by ccl 
panies. Gold and silver will, of course, if in quantity, overni 
these difficulties, and can be mined anywhere at a profit. 

Small bands of miners have sprung up, on both sides of t 
Atlantic and Pacific Bailway, that give this matter quite a t^^ 
feature, which is that of poor, industrious prospectors, work:, 
their own ledges, and forwarding the ores in suitable quantitic 
to a San Francisco, or other distant market; saving many t: 
penses, and thus realizing, in some cases, a satisfactory amou: 
for their labors on ledges or from pockets, that would utter 
fail in the hands of larger, more expensive and cumbrous ci 
panies, working for. such profits as mines should realize, to rein' 
burse preliminary expenditure, and yield commensurate d:' 
dends, for greater expectations.* 

In the first three centuries after the discovery of America. o.< 
hundred and sixty thousand tons of pure silver were expon^! 
from Peru and Mexico alone. The Potosi mine, which has vie. 
ed enormous quantities of silver, is at an elevation as great | 
that of the summit of Mont Blanc, in a region of perpetual sn^ '| 
The mines of Mexico are on the plateaus and slopes, at medi-l 
elevations, where neither frost nor great heat prevails. The v.l 
mineral wealth of Peru has been developed by the patient ind^l 
try of the Indians, who are very strong and enduring, althou:] 
they live almost entirely upon cocoa, and their wages avers: 
only about $1.50 per week. 

A very romantic story is told of the Salcado mine, which b 
been lost for a hundred years. Salcado was a young Spaniar- 

* Since these mineral fields were predicted in the first and second editions, manj r ' ' 
have been realized, as the rich Rtrikes of Arizona ; the excellent mines at Bodie, &r^ ' 
covered by W. 8. Body, who afterwards perished in the snows of the winter of ISf-i- » ' 
those of other districts on the eastern slope of the Sierra Nevada; the mines on tfac '"' 
em slope of the Wahsatch moantain; the coal in the basin east of it; and the maovT'. i 
able distant sections on the declivities of the Rocky mountains. Had poor Bodj > ' 
prospecting for the North Tole— folly of the a^e— instead of mineral veins, he woul: I ^ 
been immortalized. 
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who fell in loye with and married an Indian girl, whereapon she 
revealed to him the location of a vein of fabulous richness, which 
he after seeing and making friends with the Indians, commenced 
work upon, and became in a few years exceedingly rich. The 
Spanish Governor, designing to secure the mine, caused a false 
charge of conspiracy to be made against him, under which he 
was arrested, tried and condemned. When awaiting execution 
he promised the Goverhor, De Lemos, that if he would allow the 
proofs to be sent to Madrid and be inspected by the king, there 
should be paid him a hundred pounds of silver every day until 
the vessel should go to Spain and return. Salcado, however, was 
executed. 

The Governor hastened to take possession, but the mine was 
gone, and has never been found. The widow and her devoted 
Indians had flooded and buried the property in such a manner 
that discovery was impossible. 

The richest silver mine yet discovered in the world is the Po- 
toochi, or Potosi. It is near La Plata, and was discovered in 
1545. It has always been worked in an antiquated and expen- 
sive manner, but yet it is said to have already produced $250,- 
000,000 worth of the precious metal. For many years, sixteen 
hundred Indian slaves were employed in it. At the present time 
two thousand paid men are employed, and the mine shows no 
sign of exhaustion. 

The total silver production of the world from the year 1850 to 
the present time has been estimated at $1 ,025,000,000. The United 
States produced one-tenth of the entire amount, and will greatly 
increase its yield as the outside districts are developed. The 
yield of Mexico is at present at the rate of $20,000,000 annually. 
Peru is falling gradually behind, the yield for the year 1874 
being a little over $3,000,000. The mines of Chile and Bolivia 
are being rapidly developed, and will soon furnish a material 
item in the annual production. Nevada was not reckoned among 
the silver-producing regions until after 1850. Mexico and South 
America produced in that year $35,000,000 worth; nearly five 
times the amount obtained in the same year from Europe, Asia 
and Africa. The production of Piedmont in that year was greater 
than any other section of the eastern continent, and was about 
$1,500,000. Austria was represented by about $1,000,000, while 
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BuBsia, Norway, Saxony, Spain, the Hartz Mountains, and the 
argentiferous lead mines of Cornwall and Devonshire, in Eng- 
land, produced the remainder. 

T7KEXPLORED BEGIONS FOR BUPPLTINO GOLD AND SILVEB IN THE FUTUBEL 

In addition to very many valuable veins which are lying in 
concealment within the limits of the districts that are now 
thought to be sufficiently explored, there are still vast and well- 
marked mineral-bearing areas, just as little known by the miner, 
as if they were situated upon the mountainous regions of another 
planet. 

1. In natural contour of surface, and difference of elevations 
and formations, nothing can exceed, from analogy of values else- 
where, that of the eastern slope of the mighty Andes, which once 
formed the narrow continent, or perhaps at that time the island, 
of South America. 

The western slope of the Andes is more precipitous and lies 
much nearer the sea than that of the Sierra Nevada. Its eastern 
declivity will be likely to more closely resemble California for 
both mineral veins and alluvial gold formations; for as the ocean 
waters receded, vast quantities of the mountainous shore would 
have been disintegrated and carried down by ice, snow and rain, 
and the long-continued dashings of the breaking waves from the 
wide Atlantic ocean; and it cannot be doubted that many hun- 
dreds of miles of ancient parallel bearing auriferous gravel 
must lie there, just now ready for the miner. The country, so 
far but partially developed on the Pacific side, has been pre- 
eminently productive of the precious metals. The eastern slope 
may be more readily approached by way of the Amazon and La 
Plata rivers. 

2. The extensive and unexplored mountains and foot-hills of 
the East Indies s^nd China. 

What has been known, in modem times, of those regions, as 
regards minerals and metals, has been gleaned more from an- 
cient indirect historical allusions than more immediate modern 
discoveries. 

The governments should favor and aid prospections for the 
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precious stones and metals, as these countries are not easily 
explored, being very inaccessible, because of dangerous wild 
beasts and dense jumgles. 

3. The mountainous sections of the interior of Africa. 

I have noticed at several points on the northern shore some . 
interesting formations, but although quite accessible, it has been 
scarcely examined for minerals and metals, either by the natives 
or foreigners. 

The Cape of Good Hope portion of this continent so far as pros- 
pected, has yielded some good veins of base minerals, and still 
more extraordinary results in the diamond fields now being ex- 
tensively worked. 

The hot and unhealthy interior of the central portion of Africa, 
although it may be a very interesting country, can never be of 
much value to white men. 

The southeastern coast of Africa, being mountainous, may af- 
ford a good supply when examined and developed. 

4. Australia and New Zealand will be also likely to greatly 
increase their yields of minerals and metals, when more thor- 
oughly examined and worked. 

« 

In concluding this Chapter, I cannot help reiterating the claims 
of the many noble men, who have by their heroic and indomita- 
ble actions brought millions to mankind without much, if any, 
benefit to themselves. In fact a sort of adverse fate has gener- 
ally followed them, as Salcado, of South America, was cruelly 
executed; Comstock died miserably poor in Montana, where not 
even a headstone marks his grave; Body had his life's blood 
frozen in coming from the district bearing his name; whilst Mar- 
shall and others, yet living, are not in the least degree rewarded. 

Governments may, very justly, reward soldiers for brave ser- 
vices, on battle-fields, but, by neglecting to also favor and rec- 
ompense the works of such worthy men as these, they jointly 
injure Jboth countries and men. 
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CHAPTER IV. 



THE PECULIAB KINDS 07 THB PBIMITiyE AND SEOONDABY BOCKS WHICH 
OONGEBN MINEBS, AS BEINO MOST CONGENIAL 70B BIGH YEINS ; AND 
WHAT 70BMATI0NS SHOULD BE AVOIDED. 

In the preoeding chapter, some generally observed principles 
have been analogized, as to the more probable positions for the 
profitable plenitude of the minerals of this country; which I will 
now endeavor to still better explain for the practical guidance 
of prospectors. 

It has been previously stated that the extensive and profitable 
mines, throughout the world, have been found near the junctions 
of the various primitive and secondary strata; in the former, or 
the latter, and sometimes in the both; and although this is lit- 
erally true, other collateral causes must be also present, to create 
the fissures, and supply them with the several elements, and their 
solvents and precipitants, or minerals will not be deposited 
therein. 

For instance, a granitic range may pass through and uplift, 
on either slope, hundreds of miles of secondary rocks, neither 
formation having veins; or, having them, the minerals will )be 
insufficient to pay for their extraction; but suddenly certain 
changes will present indications to the eye of the miner, that will 
induce him to halt for more careful inspection. 

Again, the prospector may travel entirely across a compact, 
stainless, primitive mountain, as the Sierra Nevada, from the 
eastern verge of the Californian system of auriferous veins, with- 
out seeing a lode, until he reaches the appropriate formations on 
its eastern slope, as at the well known districts of Virginia and 
Carson, Bodie, Belleville and Cerro Gordo. 

Granite proper, with the three ingredients of quartz, feldspar 
and mica, is the primitive rock of Cornwall, and many other no- 
ted mining regions; but I have never seen it in any of the States 
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or TerritorieB of America, either lying upon or west of the Rocky 
Mountains. Syenite, composed of quartz, feldspar, and kom- 
blende^ appears to take its primitive positions in this country, 
and where the tilted and metamorphosed secondary rocks are 
also suitable, a great many very good silver mines have been 
found. 

It must not be supposed that these are the only primitive form- 
ations which are congenial for mineral, as even true syenite is 
comparatively rare, and both varieties of these speckled rocks 
must be often qualified by such terms as syenitic, and granitic, 
or be more directly defined by individually naming their several 
constituent parts. 

My experience of mineral-bearing primitive mountains, after 
knowing that the •* country" or * * bed rock " formation has not 
been produced by subsequent volcanic invasion, is, that if the 
rock is largely composed of feldspar, it is quite immaterial whether 
mica or hornblende is present, and quartz may be almost or even 
entirely absent; provided also that the rock has been sufficiently 
crushed and disrupted into joints, by lateral pressure, to produce 
the necessary metamorphism for such deposits. 

The questions now arise, as to what additional appearances, 
modifications, and transformations, should also be sought in 
these strata? In this connection, there are five very valuable 
indications; the first and most important being what will be bet- 
ter understood as broken ground, or partial disruption, disinte- 
gration, and decomposition of the stratum, where frequent crum- 
blings, distortions, and fractures, show that sufficient force has 
been in action for the creation of veins, and shattering the sur- 
rounding bed rocks, for the free percolation of mineral waters, as 
well as greater freedom for the decompositions of those rocks 
which may contain their precipitants. 

The centers of extensive primitive ranges are naturally very 
compact, and water-tight; and, consequently, veins and minerals 
are seldom found in such elevated and primitive positions. 

Secondly, it is advantageous to, and characteristic of, mineral- 
ized districts, when reefs of variously compounded rocks interlace 
and distort the primitive, transition, and secondary formations , 
by curvatures, shifts, and slides ; and the more so, when they 
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range at yarying angles, and give evidence of different ages of 
such disruptions. 

Thirdly, for gold it is an inyanably favorable sign, as it is some- 
times of silver, when the upheaved talcose, micaceous, and argil- 
laceous clay slates are much folded and tilted, even to the vertical, 
for long distances, from their originally horizontal position, and 
when the very lowest foot-hills and ocean-ward flats show the 
presence of the oldest fossils of saU-water shells. 

Fourthly, a moderate amount of the stains from the oxide of 
iron, generally disseminated throughout the stratum, and mixed 
with the sulphuret of iron, in and near the vein, are excellent 
guarantees for the presence of nearly all of the metals, and me- 
tallic minerals ; jnany of which are never found away from its 
influence or out of its company. 

And lastly, that which will be almost impossible to describe, 
although as much heeded by the miner as the soil is by the far- 
mer, consisting of a peculiarly congenial and prolific stratum, 
and a correspondingly generous, maternal nature of the quartz, 
from the veins, as well as a fresh, pregnant ripeness, of the min- 
erals themselves ; as if but just arrived at complete strength, ere 
they are again dispersed by nature's solvents. 

These indications are designated by miners, '' kindly ground," 
"sugary spar," and "rotten ripe;*' the reverse being "ugly, 
unkindly ground," " hungry country spar," and " dried-up ore :" 
each particular meaning being well understood by the miners, 
and acted on during their practical lives, to assist them in arriv- 
ing at the more profitable sections of veins; during their very 
speculative excavations upon "tribute," or. fractionally reward- 
ing, contracts. 

To describe the rocks which should be avoided, when searching 
for minerals, is an easy task. In the first place, it is unadvisable 
to go far away from the junctions of the transition or secondary 
with the primitive rocks, or to penetrate the interior of the more ' 
igneous volcanic regions, where these imperatively essential, 
mineral- bearing rocks, are absent. 

Secondly, all extensive areas of porous volcanic bed-rock should 
be 4figpised, for deficiency of veins, and paucity of minerals; for, 
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although it may be said that the native copper mines of Lake Supe- 
rior are in amygdaloid, this is a solitary exception, where volcanic 
fire may have sublimed the minerals that existed in pockets or 
veins prior to such invasion, for subsequent precipitations into 
metal. I know of no other instance where metallic copper is 
found in veins that are entirely destitute of the minerals of cop- 
per; and therefore it does not conflict with these rules for min- 
eral deposits. 

Thirdly, the modem carbonates of lime and magnesia, and clay 
slates, that enclose well-deflned and comparatively recent shells, 
seldom produce veins with sufficient minerals to pay for extrac- 
tion; excepting rare pockets of silver, and the ores of lead, 
iron, coals, etc. 

Fourthly, avoid too close proximity to extensive deposits of 
mineral, the property of others, as the largest bunch has its lim- 
its, and sufficient space must remain for the accumulations of the 
metallic elements or precipitants, before another considerable 
body of ore can be deposited ; it is generally better to go a few 
hundred feet, and often, miles away from, than to mine in close 
proximity thereto. The history of great discoveries has too 
frequently shown a debit balance from such districts by this 
very indiscreet practice. 

And, lastly, to guard yourself from becoming too much at- 
tached to your own ledge, mine or district, by discarding san- 
guinity, and searching for defects and poverty ; not forgetting 
these patented facts, that deposits fail much of tener than they 
continue rich, and that very many blanks must be expected for 
one prize. 

As an illustration for exposing the folly that minerals are 
equally disseminated, or that riches must generally extend be- 
cause a mine or two has been profitably worked in a district, it 
may be interesting to the reader to know, that the county of 
Cornwall, England, is altogether but a mere speck, forming a 
near approach to an isosceles triangle, on a base of only forty 
miles, and about one hundred miles from base to apex. Small 
as it is, as a whole, not much more than one-hundredth part has 
been proven to be profitably mineralized, which is not in one 
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particular district, but lies in a few small spots; the intervening 
ninety-nine parts bdng, so far as known — after a thousalid years 
mining for minerals that for many generations almost supplied 
the world — as worthless as any other unmineralized countiy. 
The rich districts flank and surround small but genuine granite 
hills, or are near thereto in basins of ** killas," which is a very 
peculiar kind of rotten, disjointed, and but slightly stratified argil- 
laceous clay-slate, of very different appearance to the outlying, 
non-miueralized and more stratified clay-slates. These districts, 
commencing at the apex, are the St. Just, St. Ives, Lelant, Mar- 
azion, Huel Tor, Wendron, Gwinear, Cairn Brea, Gwennap, St, 
Agnes, Perran, Ghiverton, St. Austle, Fowey Consols, Bodmin, 
Liskeard, and Callington. 

The adjoining and much larger county of Devonshire has yield- 
ed minerals in similar but still less general manner, as there are 
but two very noted districts for copper, headed respectively by 
the Great Wheal Friendship and the Great Wheal Maria Mines, 
and only two, remote districts for lead, as the Gunnislake Mines- 
near Saltash, and the Exmouth Mines near Exeter. 

It should be remembered, that even these small and closely 
situated districts have individual peculiarities of formation, char- 
acteristics of strata and indicative matrices, with many varieties 
of deposition and modes of occurrence of the minerals in their 
relative positions. 
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CHAPTEB Y. 



THE IiOCATOB^S PBELIMINABT EXPOSITION OF THE GENERAL FEATURES OF 
A VEIN, SO AS TO ASCERTAIN ITS AJ^PROXIMATE VALUE. 

After the location or preemption of a vein, it is imperatively 
necessary that a certain locally regulated amount of work must 
be performed, within a specified time, prior to its being placed 
on record, so as to secxire legal possession; and this work should 
be executed for the more useful purposes of ascertaining the defi- 
nition and value of the located ledge; but such has not been the 
practice, for it has generally consisted of an open cutting through 
the softest place, so that the required number of cubic feet could 
be excavated in the softer '* bed-rock," with the least possible 
trouble to the discoverer, ignoring this or any other really useful 
purpose. 

Had the law demanded that the first columns for marking the 
discovery should be superseded by other columns of rock, broken 
from the ledge itself, within the usually specified time for the 
excavation of cubic feet, this would simultaneously accomplish 
an actual examination of the vein, at one or several points, which 
could be still farther systematized by taking the matrix vein stone 
from a hundred places all 'over the back of the lode, and, after 
breaking ten times as many small sample pieces from all the cor- 
ners of each of the monumental stones, it mght be treated as 
follows for examination and value : 

Crush all the pieces thus obtained between two hard flat stones, 
to the size of peas, and after collecting all of the debris, coarse 
and fine, and mixing them as intimately as possible, take there- 
from two portions of about one pound each; the one you may 
pulverize as fine as your convenience will allow, and treat by 
water in your prospecting pan, baking dish, or horn spoon, for 
gold, or for the nature, quality or quantity of the heavy residue; 
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and then, if this test is found to be encouraging, forward the 
other portion to a professional assayer, so as to ascertain its exact 
value. 

This will be more fully and correctly described in Section HI, 
Chapters I and IH, for those having the portable prospector's 
''Wee Pet" assaying machine, or other suitable apparatus, to 
finish the assay upon the spot. 

The most absurd and frequent practice of single stone samples 
cannot be too severely ridiculed; for it would be just as reason- 
able for a geologist to land on a strange coast, and pronounce the 
whole country similar to what he saw beneath his feet ; or as 
correct for a burglar to enter a general hardware store, during 
darkness, and, bringing the first thing he handled to the li^ht, 
to say that the whole store was stocked with pestles and mortars. 

This more systematic and rigidly correct method for averaging 
its quality may expose the ungamished truth, and damp your 
ardor; but if you will still work the wires of deception, it need 
not debar you from the diabolical and too prevalent practice of 
selecting the best specimens that you can find from the more 
favored parts of the vein for city exposure, to directly mislead 
thenif and draw the finger of scorn, with ultimate ruin and dis- 
grace upon yourselves, and mining. * 

It frequently happens that ledges disappear under the soil and 
surface debris ; and, when such hide the vein, it may be found 
by what has been called in Cornwall ''costeaning," which is 
simply a search for the back of the lode, by a right-angled cut, 
or a few transverse pits or hoUow shafts, to attain the '' fast," or 
bed-rock, and sometimes the vein or its relics, unless it happens 
to lie between these excavations, when it is discovered by a level 
driven partially in the bed-rock from one to the other shaft. In 
the absence of better proof for its position, a straight line may 
be drawn over its bearing where last seen, and suitable allowances 
made for local contour and influence of the enclosing stratum or 
strata. For example, we will suppose this direction line runs 
due south over descending ground, and the vein dips east, or to 
the left, at 46°. It will be only necessary, in such a case, to take 
the difference of altitude of the known and unknown parts on 
this side of the vein, and to measure towards the east, or left 
hand, its gain from such dip in that direction, which, in this case, 
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iroold be exactly as much as the fall, or difference of height, of 
the two places. 

This will also apply for rising ground, by reversing the meas- 
urement to the right. 

You will be assisted in these calculations by referring to the 
iUustrations on pages 105 and 109. 

In some positions, a sign of moisture or spsings of water may 
be also advantageously noticed, to facilitate in finding the exact 
position of emergence. 

Before the final registration of your claim, see that your lines 
of location run with the vein, and avoid lawsuits. 

The Cornish grants of obiUmg areas, with perpendicular boundary 
lines, is more simple than following the vein with its dips, angles, 
spurs, etc., and much less likely to cause litigation after good 
mines are discovered. 

You have now arrived at the most important stage of your 
avocation, and if your intentions are honorable, the greatest care 
should be taken, lest you deceive yourself in the average value 
and quantity of mineral required for a profitable mine, as many 
have done in days of yore. In this you will be much assisted by 
not only the advice offered in this chapter, but in those immedi- 
ately preceding and succeeding, for general characteristics and 
systematic preparation of the sample previous to assaying for 
correct value. 

By being sole owner, you will have the advantage of not hav- 
ing the schemes of dishonest tricksters to counteract, or an 
unscrupulous, interested *' Salter " — the terror of ** Experts" — at 
hand to mar results. 

I cannot withhold a most diabolical example of such, as prac- 
ticed upon the public and myself at a mine that I visited — in a 
cursory non-official manner — some years ago; and will herein 
describe the dirty, disgraceful affair ; for although covetous of 
knowledge, I would much rather be considered a fool than a 
rogue or thief, and therefore can still afford to join in this grin 
against myself, without, in the least degree, honoring the con- 
temptible actors by more particular mention here. 

When I first visited this mine, it was not, as just stated, for an 
official examination, but because of such highly-colored city 
reports from the manager, and the general talk of the people of 
10 
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an adjoining district, where I had been sent to examine another 
mining property. 

My visit to this '* Banditti " Mine was quite sudden and unex- 
pected, but I was courteously received, (which was neither unus- 
ual nor improper,) and taken around to see the property, both 
above and below, without any formal introduction from the city 
office; and every j)erson, from the superintendent to the cook, 
appeared to be as ingenuous as fat babies. You must also know, 
that the mine was in a bounteously mineralized section of the 
country, and only just then commenced to be opened out^ as 
shown in figure 13, by ^e diagonal lines of the section, where 
the shaft and shallow levels, with communicating winze, are 
thus delineated, and distinguished with the black winze, W, as 
the work of the first Superintendent. 

They had a very large pile, P, carefully laid out at the surface, 
of at least 800 tons, of what was, aU over its exterior, remark- 
ably good ore, and from which a carefully-averaged sample, 
assayed as well as could be desired, and they showed me very 
many equally good certificates from other assayers. 

I went " under ground," as miners say, and in passing down 
the inclined shaft, saw as good corrugated walls to the vein as can 
be seen in any mine, but no ore of value either in the first very 
shallow level, the main shaft, or the communicating winae from 
level to level: but at thirty feet from the main shaft, in the wide 
lower level, there was a fine course of rusty ore, which extended 
for at least eighty feet in length, to about the winze, where the 
lode was but little mineralized, although as large and well de- 
fined as ever, and lying upon the same splendid wall. 

This drift was in places over twelve feet wide, and all of a sim- 
ilarly rusty mineralized character to that at the surface; but 
not being engaged in professional examination, I took no average 
from the level itself for assay. It must, however, be admitted 
that I was pleased with the appearance of the vein, for it was 
less than one hundred feet deep, having this notoriously good 
indication of the corrugated wall, and was even so well mineral- 
ized, after every usual deduction, for the slight extent explored, 
that no man could reasonably doubt its being the top of a valu- 
able '' chute" of ore, and I placed greater confidence in it be- 
cause I had examined valuable dividend mines, yielding a similar 
kind of ore, lying in the same rock and region, and within even 
far less promising lodes. 
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Tbd mine had become quite a faTorite in the market, and as it 
then stood low in price, I, in common with many others, thinking 
that it would be profitable, bought stock, but did not sell at 
occasional inprease of market price, for as they were making a 
great fuss about the immediate preparationB for the reduction 
of their ores, rather preferred waiting for developments at the 
mine and actual returns. ^m 

Next followed twelve months of good reportgjrom the mine, and 
a long chapter of failures in reduction, during an unusually 
snowy winter, when it was stated that no fuel could possibly be 
obtained from the moutUaine, and that even the bullion which had 
been reduced was so "stuck in the mud" en route to the city, that 
it would be therefore necessary to make an assessment, and other 
consequent assessments followed, until the viclimited outside 
stockholders, becoming sufficiently numerous, caused a change of 
management, and sent me forward to ascertain the true state of 
affairs. 

12. 



I was informed, on my second visit, that the 800 tons of ore 
lying at the surface, had only been a mere jacket of rich ore, 
covering a slightly smaller pile of worthless rocks, and that the 
manager at that time, (twelve months previous,) had sunk the 
winze ( W) fotirteen feet below the bottom level, in the center 
ot the " chute " of ore, and after finding that the vein had 
been completely unbottomed by a transverse shift of bed-rock, 
unce proven to be similar to the cross section, fig. 12; and after 
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immediately filling it up to ihe bottom of the level, sbntting the 
months of the men, and duly posting the Methodiatical Presi- 
dent, and chief owner, he commenced Ms game of deceptions. 

It IB the first instance of my long experience, where each a 
well marked comigaied viaU has led to such sudden and compile 
terminalion; but it lies in a mueh-dieturbed volcanic region. 

The TYvslees, l^kg fnlly posted on the sudden loss of the vein, 
held a private meeting to discass the manner of escaping from 
the dilemma, at the expense of the ontsidera ; and, being skilled 
in auch matters, readily discovered the trail, and escaped from 
tbe woods in the following manner: 

The first Superintendent must be satisfied and honorably dis- 
charged, even by taking his stock at the then good nominal mar^ 
ket price, to prevent hie spoiling their game, and a trusty man 
sent to supersede him, so that they might have time and oppor- 
tunity for selling out on his reporte ; hence the duly arranged 
good reports and suitable delays described. 

Figure 13. 



Figure 13 represents a section, showing by the diagonal lines, 
the position of the first " chute " of ore over the black winze W, 
and the extent of the mine as excavated by Superintendent No. 1, 
and the white shaft and levels with accompanying fignree also 
expose something like the extended excavations and daUy num- 
ber of Ions of good ore broken by the miners, as taken from the 
twelve monthis' reports of Superintendent No. 2, 

At this stage of the sectional development, he also reported. 
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that " he saw no reason why the valuable run of ore should not extend 
to connect wUh thai in the shaft'' being sunk some distance ahead 
for ventilation and general convenience. 

Tou will suppose that he had been opening a valuable mine, 
but I found no discovered ore of value throughout thirteen hun- 
dred, feet of most ridiculous levels and shafts. I have been 
examining mines many years, have seen thou%^ds of veins, and 
am as cautious as any one, (as all know who have witnessed my 
work,) but I must say that no expert would have expended a 
w^eek's labor in overturning that 800 tons surface pile; or worked 
days in picking all along the bottom of that then advancing level, 
ta search for filed up winzes ; even if he had full orders for 
exajnination. No man should have held the opinion that the 
whole of the subsequent twelve months' reports,, regarding great 
value, were absolutely false. 

The small quantity of bright dust that has fallen on my path 
during life's journey, has been honestly collected, and I neither 
want more by bribery and stealth, nor would have the dirt kicked 
from my grave by injured survivors. 

These ''Eovers" have since played similar tricks elsewhere, 
and are still at large, seeking more plunder. 

A recent, honestly-written article, by an indignant local editor, 
regarding another mine of theirs, says, after describing their 
abominable doings, that ''It is putting it mildly to call those 
responsible for this state of affairs, swindlers." 

In this example they had also been expending stockholders' 
money in a most reckless manner, in' mining and engineering, 
by foolish levels and surface mechanism; the former would re- 
quire an extra cut to show by a '' working plan" the extent of 
their follies, and the last may be sufficiently exposed by my in- 
forming you that they had nothing better than the ordinary 
''hand windlasses" for hauling rock from such extensive exca- 
vations. 

This illustration is just one of direct rascality, without any show 
of cunning or ability; but there are many other modes practiced 
by much shrewder men, which I am no more justified isi expos- 
ing, than would those few eminent physicians, who are fully 
acquainted with subtle poisons, which cannot be detected after 
death. 
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OHEAF HOISTINa APPUANOES FOB SHALLLOW MININa. 

For the many that will proceed from prospection to actual 
mining, and carrying ore to distant markets, the following de- 
scriptions of different means for cheap hoisting will be very val- 
uable, and may encourage them forward to success. 

Prospectors are^enerally provided with a horse or mule, and 
unless they manage to arrange work for them at the mine, they 
are feeding or lying upon the surface in useless idleness, whilst 
they are themselves most industriously working beneath the 
ground. 

1. The most readily applied mechanism by which you may 
obtain the valuable assistance of your horse or mule, is what has 
been called by Cornish miners, a ** Whipsidary" and of which 
there are two kinds, the dovhU and single. 

The * * single whipsidary " will best suit your preliminary re- 
quirements, and may be sufficiently well explained without any 
illustration. 

An iron or wooden pulley is placed vertically^within the jaws 
of a two-legged stand, just sufficiently high above the shaft to 
land and discharge the bucket properly, when a sufficient length 
of rope is thrown over and attached to the bucket at the one end 
and to the horse or mule at the other end. A straight trail 
being made from the shaft pulley, the bucket may be lowered 
into the shaft, then filled, and directly hoisted, at pleasure of 
yourself and animal. 

2. The ** Double whipsidary " differs from the single, by hav- 
ing two vertical pulleys and buckets over and in the shaft, and a 
horizontal drum or pulley away back at the end of the straight 
trail previously described, for receiving and carrying the double 
of the thus tightened rope. The animal may travel upon one 
trail between the rope, and is alternately hitched on to the full 
bucket's side. 

If the shaft is large enough for two buckets to pass, this is a 
cheap and snug, speedy and useful, well balanced arrangement, 
for very extensively developing and even profitably working poor 
men's mines. 
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3. The " Horse Whim '■ is Bufficiently explamed by the follow- 
ing illuBtratdon: 

Figure 14. 



i. The *' Inverted Horse Whim " is similar to the aboTe, bnt 
much of the upper framework is saved by burying the cage or 
dnim beneath the ground, at the expense of friction, from the 
greater anghng of ropes and chains, at the shaft. 

The " single whipsidary " will hoist from a depth of about one 
hundred and fifty feet. 

The " double whipsidary," being double and balanced, will 
hoist much faster and easier, and when well arruiged, from two 
hondred feet deep. 

The " hoise whims " when balanced by large double buckets, 
will draw a much greater quanta^ from three hundred feet deep. 

5. " Overshot Water Wheels " may be advantageously used, 
when an ample fall of sufficient water can be obtained vrithin 
Buitable distance from the shaft. 

The wheel may be attached to the drum that carries the rope, 
so that it shall directly hue toward the shaft pulley, and although 
it can be used for double draught by reversible gearing, it is 
much cheaper and more suitable for your requirements to use it 
only for single hoist with the power of the water, and then low- 
ering the bucket by the friction of a hand brake, directly applied, 
on the rim of the wheel. In such an arrangement, the wheel and 
drum being quite small and light, may be subetantdally connected 
M one piece, and revolve both ways, by water and brake, as may 
be required in hoisting and lowering the bucket. A wheel of 
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eight feet in diameter and three feet in breast will, with a stdta* 
ble stream of water, do all that you are likely to require. 

It will be advantageous, both for speed and convenience, that 
the governing levers for power and brake shall be placed within 
easy reach, and the water should actually fall about a foot into 
the buckets, to give a momentum or instantaneous force for start- 
ing more promptly. In this single hoisting, the water may be 
made to accumulate or '' pool up *' during the requisite time for 
descent and filling the bucket. 

6. The '* Keversible Overshot Wheel." If you have a surplus 
of water and a sufficiently long shaft, you may have a doable 
bucket balanced action by the rope passing from over and under 
the drum to two shaft pulleys, by the simple construction of a 
twin wheel, whereon the buckets of the one may fill and travel 
away from, whilst those of the other shall travel towards the shaft 
when under individual draught, by changing the stream. 

The description of ^ 46 feet wheel, which I erected in Corn- 
wall, as used for double hoisting, may be seen in the Second 
Volume. The wheel was of the usual form, and the reversing 
was effected by sliding from side to side into suitable clutch 
boxes upon two out of three bevel wheels, geared to appropriate 
and continuous connection. 

7. The '' Single Percussion Wheel" may be applied when 
you have a small quantity of water and a high fall. It is in prin- 
ciple nothing more than a strongly built bucket wheel, as under 
heading 5, and may be very roughly but strongly made, about 
four feet in diameter and either of wood or iron. The water is 
very rapidly passed into the buckets from a small horizontal 
nozzle, as supplied from a vertical or inclined column, under a 
pressure as produced from a height of from fifty to two or three 
hundred feet. 

8. The "Double Percussion Beversible Wheel" may be 
understood by combining the descriptions in headings 6 and 7. 
These percussion wheels should also have controlling brakes. 

Such water* appliances equal the draft from only a few feet 
to almost any depth required by miners. 
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Other hone vhims and steam appliances foi deep nuning will 
be more full; described in the Second Volume, on Mining and 
Metallorgy. 

If after a thorough examination, jon think the vein is worth; 
of being developed, it will be jour immediate interest and duty 
to ascertain what natural advantages the region will afford, as to 
climate, good water, cattle feed, wood, et«., and cost of carriage 
of Bnpplies from, and ores to, the market; not foi^ettiog the 
important fact if the road ie generallj descending, and free from 
adverse bills or " steep uips," which greatly tend to lessen the 
' ' throagh load." It will also be very important to obtain streama 
of water for costlesa powers, so as to secure some one or more of 
the valuable mechanical aids just described for yoar present 
lighter uses for exposing the merits or the actual working of the 
mine, as well as for fnture and more exteasive operations; and if 
not enough for actual potoer, to eee that sufGcient water can be 
obtained for the reqaiaite steam purposes of pumping, hoisting, 
crushing, milling, smelting, or other reductions, so as to obtain 
a substantial and efficient property by security of patented title. 

Fiffure 16. 



I have received the particulars and drawings of the above 
useful machine from my brother, John Phillips, who (having 
been for many years the local government's Mineral Surveyor of 
the Ballarat Oold Fields, then Surveyor and Registrar of Saint 
Amaud Districts, and since Principal Teacher of the Govern- 
ment School of Mines, at Ballarat, Australia,) seeing the great 
necessity for more convenient, economical, and yet efKcient, 
means for preliminary examinations of extensive bodies of aurif- 
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erous quartz in that country, oontriTed the compact combina- 
tion of mortar and pan for simultaneous pulverization and 
amalgamation, as shown by figure 16, which he calls the '* Pobt- 

ABLB QUABTZ BbEF-TeSTEB." 

He has also invented an exceedingly ingenious and skillfully 
calculated (though less practically useful) gold valuing lever, for 
ascertaining at sight the quantity of gold contained within any 
nvLggeiized stone of quartz, of course when other substances of 
different specific gravities are absent, which is more frequently 
the case in the gold fields of Australia than elsewhere. 

It records the answers to twelve separate desiderata, and this, 
too, without the use of any weights, being simply ascertained by 
equipoise of the test sample with a lesser substance, as governed 
by the relative specific gravities of the more or less valuable 
quartz. 



The following table will be of frequent service to those indus- 
trious prospectors who may prefer working their own veins, and 
forwarding the various ores to distant markets: 

WEIGHT OF A OUBIO FOOT OF THE METALS AND ORES IN FOUNDS 

AVOIBDUPOIS. 



WXXOHT. 

Gold^natiye 1250 

Silyer, native 728.76 

Gopper, native 526 

Pyzitea 260.81 

Eed 815 

Gray 266.87 

Malachite 250 

Tin, oxide 406.25 

Lead, native 706.37 

Galena 468.75 

Carbonate 403.76 

Zinc, native 250 

Oxide 827.06 

Antimony, native 412.06 

Oxide 847.12 

Cobalt, native 800 



WXIOBT. 

Iron, native 856.25 

Pyrites 300 00 

Magnetic 812.05 

Anenical 881.3$ 

Specular 282.26 

Hematite 226 

Nickel, native 450.35 

Arsenical 281.35 

Snlphuiet 331.26 

Uranlnm (Pitch Blend) 404.65 

Baiyta, heavy spar 206.75 

Lime Rook 166.25 

OalcSpar 166J5 

Fluorspar 190.25 

Silica (Quarts) 162.05 

Granite 168.25 



Note.— A vein of ore one inch thick, six feet long, and six feet high, will measure aboot 
three cubic feet, and weigh in proportion to the specific gravity of the mineral. 
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SECTION III. 



ASSAYING AND DISCRIMINATION. 



CHAPTEE I. 



STSTEUATIO PBSFABATION OF THE SAMPLE TO OBTAIN AYEBAGB EQUALTFT 

FOB DISCRIMINATION OB ASSAT. 

To take a sample from a ledge or parcel of ore that shall fairly 
represent its average, and prepare it so that the lesser quantity 
weighed for assaying, shall be sufficiently homogeneous for a 
correct ratio of value, is really the most difficult part of mining, 
and should be conducted with vigilant care, as this is the impor- 
tant preliminaiy test for succeeding profit or loss by mining or 
reduction. 

The retrospection of the resultant losses from disregard or 
ignorance of this subject is exceedingly ridiculous, as it has in- 
jured mining so much that many years must elapse l^efore even 
legitimate properties will be recognized by capitalists. Mills 
and smelting works should be used for realizing profits from 
established riches, and not as enormously expensive assaying 
appliances on slightly tested, doubtful ledges. 

In the last chapter of Section 11, the prospector had taken a 
careful average from his ledge, by breaking rock from a thousand 
places throughout its length and breadth, which, after it had 
been broken still smaller, to the size of peas, was carefully col- 
lected and thoroughly mixed together. 

We will now receive this sample from him, and manipulate for 
an example, in a manner that has neither been described in books 
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nor practioed by aasayen, bnt whioli 70a will find better adapted 
tor obtaiitiiig correct results than an; other method. 

The Comisfa STStem of quartering the parcel, (fig. 16), or cut- 
ting a gang-va; through the center, (fig. 17,] though sufficientlj 
near for ooncentrated base minerals, will not approach to it in 
accuracy, for gold and silver; the chief causes of error being the 
unequal diatribntion of coarse and fine, or light and heayy, which 
carry a more or less difference of qnaUty, by taking irregfular 
poaitioDS from the center outwards, or from the top to the bot- 
tom of the pile, and by lying, nearer the perimeter of the quar- 
ters, or falling unequally in tiie gang-way, it gives a lees average 
than it should for the miner, because the least friable pieces, 
being consequently larger, fall to the bottom of the cut, or to 
the periphery of the pile, and, being more quartzose, contain less 
mineral than those parts more readily broken ; it is, more- 
over, less simple than the halving mode (to be described,) doubles 
the length of the lines of error, and lacks the additional guar- 
antees of the repeated mixings, trailiuKS, and dividings, during | 
its more systematic reduction. The monopolizing and exacting 
smelters are fully aware of this undervaluing mode, but take all 
advantages from the unresisting miners. 

Fiff. 16. Fig. 17. 



If you wish to have a correct average, or expect the certificates 
from the difierent assayers to agree, this must be performed faith- ' 
fully in the following manner: . 

Spread the partially equalized ore over a clean spot, to the 
shape of an inverted prospector's pan, draw a diameter line— or, 
still better, a large sheet of iron or piece of plank — through the 
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center, and remove the whole of one-half, coarse and fine, there- 
from, which thoroughly remix by repeatedly turning it over; and 
then shape and divide as before, untU the sample is reduced to 
ten pounds. Pass the whole of this ten pounds on to a clean 
newspaper, sheet of glazed paper, prospecting pao, or plate, and 
again mix as intimately as poseible, by alternately coUectirig it 
several times lo the center, and redislribuling it with the finger, by 
traiiing a walch-gpring path from the middle oiUwarde, (as shown l^ 
fig. 18); again divide this ten pounds by layiog some thin, vertioal 
partition, as a handsaw's back, or atable-knife, through its diam- 
eter line down to the very bottom of the sample, (as fig. 19.) and 
sweep, with this knife or saw, and a hare's foot or brush, the 
whole of the coaroe and fine of the nearer half away, as thoroughly 
clean as poseible. 

Fiff. 18. Fig. 10. 



Pulverize the remaining five pounds to the maximum size of 
rice, vjiihout BifttTig, and, i^er mixing, dispersing, and dividing, 
thrice, as previonsly described, pulverize and then sift this 
ten ounces vrith the finest gauze sieve, such as that suppUedwith 
the assaying machine, carefully noting its upper side for flattened 
disks of the metals gold, silver, copper, etc., which, if found, 
must be weighed to ascertain their percentages to the. whole ten 
ounces, or any other total quantity, and added to that resulting 
from one ounce, or other weight taken for assay, from what did 
pass through the sieve. 

In gold and copper assays, this occurs frequently, and some- 
times in silver; but, with the latter, a tough metalliferous chlo- 
ride often flattens into treacherous cakes, which, by not p 
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through the sieve, vitiates the resultant assay from such an ore, 
unless guarded against, and then separately valued; which, in the 
case of silver, must be also smelted and refined. Lastly, invert 
the sieve on pile, and drop the adhering particles of ore or metal 
by tapping and rubbing. 

If no metal is present, or extreme accuracy is unnecessary, 
about two and one-half pounds may be taken from many parts of 
the large heap, instead of the ten pounds, and otherwise treated 
as directed until it is reduced to such a quantity as you need for 
the metal sought by the particular method of assay being used. 

This last, after sifting it through a fine sieve, must be remixed, 
distributed and halved as before; and, if the ore is infusible or 
refractory, this should be further pulverized under the pestle, 
by rubbing, to an impalpable powder, when, after being again 
mixed, it is ready for weighing the sample for the assay. 

This mixing, after pulverization or sifting, is imperatively ne- 
cessary, as the pestie as well as the sieve passes the more friable 
portions first, thus rendering the bottom of the pile richer. 

Tapping or jostling, which causes the heavier and richer por- 
tions to settle to the bottom, should also be carefully avoided 
until the sample is weighed. 

It will be instantiy seen and admitted that this method of 
cutting off the one-half of such intimately mixed sample, ap- 
proaches as closely as possible to mathematical accuracy, as there 
is really no line of error, as the absolute half of a similar pile is 
thus retained. 

It has been the English practice to ascertain the water-weight, 
by drying a portion at 212^, aud taking the assay from the dried 
sample, or allowing for it by adding as much as will equal it 
when weighing for the assay ; but it has not been done in this 
country. 

Should you require to know this, dry one hundred grains of 
the ore on a plate, saucer, or some clean vessel, placed, as a lid, 
over a tea-kettle, or coffee-pot, containing boiling water; and ascer- 
tain its percentage of loss on re-weighing the dried residue, bv 
subtraction. 
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CHAPTEB II. 



>fi80BIFnON AND OBKESAL ADYAtrTAGES OF THE '' WEE PET " ASSAYING 

MAOHINE. 

The above is the name giYen to a machine that has been de- 
vised for the benefit of the mining public generally, but which is 
more especially valuable for the prospectors of this great and but 
partially examined mining country. Beyond the regions that 
have been and are now being explored, hundreds of primitiYe 
mountains, with their tilted decliYities of secondary strata, are 
looming in the distance, to entice forward the more adYcnturous, 
where, if the historical analogy of the miining world should be 
their guide, very many interesting and legitimate fields remain 
unexplored. 

It has been correctly obserYcd by some of the best and most 
practical authors on mineralogy, that however experienced a 
miner may be in the Yisual discrimination of gold and silYer ores, 
^e is often deceiYed in his judgment of the value of rock ; and 
this applies to ores of much greater value than such as will pay 
^or mining and reduction ; as the mixtures of volcanic regions, 
And the ores of antimony, copper, lead and iron, wherein pre- 
cious metals are completely concealed. These authors also com- 
mend the common mouth blowpipe as an inseparable companion 
^^ those requiring greater certainty in mining operations, for both 
testing and assaying of minerals, but more particularly for silver, 
^hich it performs with surprising accuracy. Its powers are truly 
wonderful, but proper instruction, great practice, and expensiYe 
tools, are imperatively necessary; as well as the peculiar qualifi- 
cations for handling, manipulating, smelting, and cupelling an 
assay of but one grain, and where the resulting button is so small 
that the one-thousandth of a grain would be but $37.70, and the 
one-ten-thousandth $3.77 per ton of 2000 pounds. I know of no 
other single chemical operation that requires more knowledge, 
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practioe, oare and watchf alness, to obtam exact results. These, 
with many other difficulties, to which there is no '' royal road/' 
and the greater need for preparing a correct and homogeneous 
sample, to render that, of but one grain, the correct represent- 
ative quality or ratio for the ton, have and will prevent its general 
application. 

The crucible and scorifier require a large furnace and muffle, 
with numerous tools, etc. They are slower in action, and con- 
sume a large quantity of expensive fuel, all of which must be 
carried from place to place, as required; so it is far worse than 
the former, as all are thus prohibited from its use. 

The humid or chemical methods demand many costly and fra- 
gile tools, vnth dangerous liquids, an especial education, and 
much general experience and practical knowledge; or they will 
only be useless encumbrances. 

Thus, the explorers have been roaming ignorantly, where know- 
ledge was most desirable, and the legion of mining companies 
have forwarded mills at a cost of from $20,000 to $100,000, for 
assaying an average from their ledges, to prove, most ruinously to 
them, that but one in fifty are valuable. Millions of tons have 
been reduced that would not pay, by either milling or smelting, 
for want of an easy, preliminary means, to ascertain its value. 

In view of the immense demands of this country, and knowing 
the insufficient methods in use by miners, millers and smelters, 
when required for prospecting^ as well as the first and most im- 
portant difficulties of my students in their manipulations with 
the common mouth blow-pipe, I have contrived this machine to 
overcome all the real obstacles pertaining thereto; such as a con- 
tinuous blast, preparing and fluxing the assay, shaping its holder 
and charcoal support, cupels, etc., as well as holding and varying 
its position during the smelting, cupelling and refining operations; 
and ascertaining by tables, which lie under and on either side of 
the balanced button, as it rests on the beam, the ralue in dollars 
per ton, or its thousandth's fine for silver and gold, and per- 
centage in base metal assays; all being read at sight, without 
calculation. This weighing is much facilitated by taking the 
difference of large weights, instead of using the minute weights, 
riders, etc., of assayers by other methods. In addition to this, 
I have another patented calculator by two diverging metallic 
straight-edges, laid on a bed, so that the one end may represent 
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1200, and the other |1 ; the intermediate space being graduated 
from $1 to $200, and wherever the button jains, its value is 
recorded on the scale. There is also a hole at the end of this 
plate, of such size that a |30 button will just drop through, when 
the explorer may proceed on his journey for other ledges, as this 
is not su£&ciently rich to pay for mining and milling silver ores 
in the interior. This applies to samples of ten Troy grains,' for 
silver assays, in dollars per ton. 

Another graduated scale lies on the opposite side, for gold 
assays, from 160 grains or 1600 grains, etc., after water concen- 
tration, which for the former ranges from $360 down to $2, and 
for the latter quantity, from $36 to $1 and cents, per ton. 

By these combinations, the apparatus has surpassed my expect- 
ations as to the quantity of ore it will reduce. I have operated 
successfully on twenty grains, although it is arranged for ten 
grains to the public; it is claimed that with these arrangements 
and combination of automatic movements and calculator, a man 
of ordinary skill can make an assay with this apparatus anywhere, 
even on the ground, sufficiently near for all the practical working 
purposes of those to whom it is dedicated, and in less time and 
at one-tenth the cost of any other method. So portable is the 
apparatus, that the whole machine, with fluxes, tools and scales, 
(weighings less than seven pounds,) is packed for conveyance 
within a cubical box of about five inches. The price of the whole 
is $100, accompanied by a book of instructions for assaying gold, 
silver, copper and lead. Those buying a machine in the city of 
San Francisco, having the further advantage of receiving instruc- 
tions from its inventor and patentee. 

The machine is also most conveniently fitted for the general 
purposes of the laboratory, as shown by the illustrations, as 
roasting, drying, crucible fusion, and ignition; fusion per se, 
or with an alkaline carbonate, on charcoal; of ten or twenty 
grains: for testing with tubes, flame, flux re-agents, in forceps, 
or on wire; and to dry, sublime, evaporate, boil, distil, filter, etc. 
For the purpose of fusing very stubborn metals or minerals, 
it may be rendered very much more effective by introducing sep- 
arate jets of oxygen and hydrogen, formed when used, and igni- 
ted by the ordinary flames, at the moment of exhalation; or a 
, reservoir of alcohol may be placed beyond the assay, which, 
being warmed by the waste heat fron^ the departing flames, would 
11 
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force its jet of alcoholic vapor throagh a similarly placed centra] 
nozzle, and, by supplying this auziliaiy combustibley the heal 
would also be greatly intensified. 

The machine was exhibited in 1869, at the Mechanics' Insti- 
tute Fair, where it was awarded, by the Examining Committee 
of Philosophical Instruments, a gold medal, with the following 
encomium: 

" FiBST Preioijm Gold Medal to J. S. Phillips, for * Portabub 
Assaying Machine.' 

** For convenience in use and accuracy of performance, we esteem 
this lilile machine as of the greatest utility to the mining projector, 
and well calculated to relieve our mining interests of the uncertainly 
hitherto attending their developments^** 

The apparatus has been but partially detailed here, as it will 
be more minutely described in the instructions contained in the 
chapters for discriminating and assaying the various minerals. 

I have several especial inventions for prespectors, besides the 
** Patented Wee Pet Assayer." 

2. The " Tester " is a cheap substitute for the " Wee Pet " for 
roughly assaying gold and silver; it measures the resultant but- 
tons between the diverging straight edges of the patented 
'* Tablet Button Valuer " instead of weighing and balancin"^. 

3. The ^^ Pocket Laboratory** contains two balances, a set of 
decimated weights, with every requisite tool and all the really 
necessary fluxes, &c., for testing and assaying by my ** Blow-pipe 
System.'* 



4. The " Vest Pocket Blow-pipe. 



ft 



5. The "Little Wonder" or *' Self-Calculating Sample and 
Button- Weigher/* for mountain assays, by blow-pipe or otherwise. 
This is a surprisingly delicate weigher. 

6. The "Automatic Smelter," "Laboratory," and "Little 
Wonder," combined in one convenient box — eight inches long 
by four inches wide, and one and three-quarter inches thick. 
This is indeed a marvelous combination of convenience and 
efficiency for mountain purposes of testing and assaying. 

— ^ch apparatus will be fully described in its proper place. 
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CHAPTER III. 



fOSW METHODS FOB THE EXAMINATION AND ASSAY OF OSES BY WATER- 
WASHED CONCENTRATIONS ; SOMETIMES PERFECTED BY ACID SOLUTIONS 
OB MERCURY, AND COlfPLETED WHEN NECESSARY BY CRUCIBLE, SCORI- 
FIEB, MACHINE, OR BLOW-PIPE; BY ROASTING AND SMELTINO THE HEAVY 
RESIDUE WITH FLUXES. 

The application of water for the discrimination and assay of 
minerals and metals, is far more appropriate for the daily require- 
ments of the miner, analyst and assayer, than is generally 
known; and, when systematized, it may be made a very useful 
auxiliary in many ways; as it is within reach of all, requiring 
no other tools than those generally found in mining camps, and 
but little instruction; yet performing, at a trifling cost, more 
actual Work in less time than any other method, excepting chem- 
ical analysis, which must be executed in the laboratoiy by the 
educated expert, at considerable expense. 

To the blow-pipist and chemist it affords a prompt anterior and 
posterior means for qualitatiye-quantitative approximation, selec- 
tion, separation, or concentration ; but more especially for pre- 
liminary examination previous to more elaborate treatment. 

In experienced hands, many samples that the miner has to 
work, can be actually assayed more correctly by water than 
fire ; and even ordinary amateurs may realize its full value for 
many practical purposes ; as free gold, and other metals, the 
auriferous sulphurets of iron and tellurium, oxide of tin, the sul- 
phuretfi of copper and lead, etc. , when they are not associated 
with other metals or very heavy gangues, of nearly the same 
weight; others can be assayed by water that cannot be easily 
assayed by flre, as sulphuret of zinc, sulphuret of antimony, 
oxide of manganese, iron, etc. 
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It has, however, three disadvantages, which, in some case: 
qualify its quantitative usefulness : it cannot be used for silyft 
ores, and for the others it is essential that the operator shall Ik 
acquainted with visual discrimination of such when in a powdereJ 
state, and that the sample is free from those confused mixtui^ 
so frequently found in volcanic regions. "When the heavy res 
due is treated by fluxed fusion with the crucible, machine a 
blow-pipe, these latter more refractory ores will be fully subduct 
to the necessary condition for practical purposes. 

For such men it will frequently be the most convenient metliwx: 
for both examination and actual assay. 

For example: take a hundred grains, or parts, from a compli- 
cated pulverized sample, prepared and dried at 212^, as directei 
in Chapter I, Section III, that contains one or more of the io: 
lowing substances : as free gold, platinum, metallic coppft 
metallic iron, (from the mortar,) oxide of tin, sulphuret of iron 
red oxide of copper, sulphuret of lead, gray sulphuret of coppa 
yellow sulphuret of copper, sulphuret of zinc, and oxide of iro 
associated with their matrices of quartz, clay, feldspar, carboBate 
of lime and magnesia, etc., or others of similar spemfic grar* 
ity and friability. Take three porcelain dishes, as used by tbt 
chemist, or three ordinary enameled soup-basins, tea- saucers, oi 
cups, or a good vanning shovel, prospecting pan — or a smal 
six-inch iron pan of similar shape — a horn spoon, as used i: 
the mills and mines, the Mexican batea, or any suitable and cleai 
vessels that you can obtain or may prefer: place the one hundr« 
graii;is or parts from the dried sample into either of such, aci 
after laying it in the bottom of a still larger vessel, (as a cletf 
pan,) then cover it with about ten times its volume of water, and 
stir the whole for five minutes ; after allowing it to remain suff- 
ciently long for the water to thoroughly permeate and, if (^ 
chemical purposes, to dissolve the soluble portions from the mass 
which may be facilitated by warmth, and to then pour or filt^ 
this water into one of the other vessels for separate examinatiot 
by re-agents ; thus easily separating these that are soluble iice 
those that still remain insoluble in water. 

It may sometimes be necessary, for your purposes, to ascerta^ 
this percentage, by transferring it with a camel-hair brush, an?- 
it has been dried at 212^, to the scale pan, for dedacting^^ 
weight from the original sample of one hundred grains. 
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This dried residue may be replaced in the concentrator, for 
lore elaborate treatment, and, after covering it with about 
brice its Yolume of clean water, strongly agitate the vessel 
•y properly applied circular and reciprocal motions, and pour off 
be water very carefully, during a slower transverse oscillation 
f the pulp, into a third vessel: pulverize with the pestle, by 
abbing the remaining sample in the water, shake and pour as 
efore, and repeat this process until the lighter and more friable 
ebris has departed, and the quartz approaches the margin. 

This third receptacle will contain most of the light and easily 
luherized feldspars, clay, lime, and magnesia, which will soon 
ettle to the bottom, and, after the water has been poured off, 
an be examined by means that will be described in a future 
hapter. The oxide of iron will also pass over in this stage, 
adicated by the redness of the water, and which can also be 
hemically tested ; the other more solid forms of iron can now 
>e seen in the residue. The remaining quartz and minerals can 
)e then dried if desirable, at 212°, and weighed for percentage. 

For the further treatment of the heavy residuum, unless the 
>perator is already well skilled in the use of the vanning shovel, 
Jatea, bom or horn spoon, he had better raly on the slow oscil- 
ation of the water, across the side margin of the vessel, and take 
siore time for ridding the minerals from the heavy gangues, 
''whilst adopting the following precautions : Supposing the instru- 
aient is a small prospecting pan, porcelain dish, tea-cup, saucer, 
3r Boup-bowl, it will be better to have sufficient water in the third 
^sh, that contains the earths (which should be removed, if you 
^ould test them separately,) so as to enable the operator to alter- 
nately keep the side of the concentrator slightly in or out of the 
water, during the slow sideling sway of the water over the min- 
^fals and escaping quartz; at this stage, great care must be taken 
^ giving the proper angle, so that nothing but gangue shall 
escape; and, towards the finish, a little direct mechanical means 
^ay assist the gangue over, or arrest the more forward minerals, 
that might otherwise pass away into the third vessel. 

This being completed, re-concentrate all the dishes in a simi- 
lar manner, to obtain any mineral that might have passed over 
in the washings, so that they may be added to the first con- 
centration, to be also dried and weighed. Now, as the first dried 
^^napleof one hundred grains contained no water-weight, the 
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second similarly dried sample will give the percentage of the 
remaining insoluble portion, and, when taken from the original 
will leave the percentage of what was soluble in water. 

The third dried weighing will give the percentage of quartz, 
compact feldspar, and minerals ; which, being deducted from 
the second, will represent the lighter and more friable oxide of 
iron, clay, and carbonates 'of lime and magnesia. The fourth 
(and last,) taken from the third, equals the quartz, etc., and 
is the weight and percentage of the metals and ores, which mav 
be still further separated by magnet and forceps, assisted by a 
lens, into different lots of metals and metallic minerals ; after 
being weighed, the minerals may be also calculated for tlieir 
metallic contents, by their tabulated ratios.'*' 

If more than one of the metals or metallic minerals are present, 
a careful and experienced hand, when assisted by the magnet or 
magnetized knife-blade, and an occasional touch, with a few 
repetitions from vessel to vessel, if necessary, can often separate 
each, by causing them to follow successively, as just named in 
the example ; which the amateur, by drying and spreading the 
heavy and closely concentrated residue over a clean plate, can 
examine with a magnifying glass, and, if desirable, place them 
with a forceps into as many different heaps, for quantitative assay 
as well as qualitative, by merely weighing and calculating their 
percentages from their equivalent proportions, multiplying each 
individual weight by the following numbers, and dividing by 100; 
or, better still, by moving the multiplier's decimal point two 
figures to the left hand, so as to also divide : 

The oxide of tin contains 78.38 per cent, of metal. 

The bi-sulphuret of iron contains 46.7 per cent, of metal. 

The red oxide of copper contains 88.8 per cent, of metal. 

The sulphuret of lead contains 86.55 per cent, of metal. 

The gray sulphuret of copper contains 38.42 per cent, of metal. 

The yellow sulphuret of copper contains 34. 6 per cent, of metal. 

The brown sulphuret of zinc contains 66.7 per cent, of metal. 



* When it is necessary to both dry and treat by acids, three porcelain vesselB are best of 

all» as a small cnp or sancer, a soup bowl, and a large wash-basin. If only to concentrate 

«"d dry, the 8ix«lnch prospecting pan is best. For concentration only, the batea, horn 

. or almost any light and convenient concaved vessel, will serve for immediate 

M. 
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Thus, promptly ooncentratmg, drying and weighing many of 
Nature's insoluble precipitations as they are found, instead of 
<iecomposing them in the laboratory of the chemist, by difficult, 
far-fetched, expensive means; but for frequent repetition of the 
separation and precipitation, to similar compositions. 

This is, however, a complicated case by any method, either for 
analysis or assay, and it seldom happens that the sample contains 
so many kinds; the object of such an example being to expose 
the principles of this ever ready and convenient means that 
the chemically uneducated prospector and miner has unconscious- 
ly at his fingers' ends, in this exacting, practical test; which will 
also afford a parallel for the general waste of the laige scale, by 
^water-washing and milling treatments. 

It also illustrates the general constitution, comparative quali- 
ties and quantities of the sample, which the most experienced 
analyst and assayer would least despise, as it opens a volume of 
useful hints, to enable him to work it precisely as it should be 
treated; for, discarding nine-tenths of the time occupied in this 
case, by hastening through the intermediate stages, he arrives at 
the en4 in ten minutes, and may be informed that the gold is not 
all free, but, being partly imprisoned in sulphuret of iron, de- 
mands fk preliminary roasting, so that the whole value may 
be realized. For copper, he sees that metallic nuggets will cause 
a treacherous, varying result, unless the upper side of the sieve 
has been well attended to during the sifting of a large quantity, 
and separately calculated, for addition to the result from mineral 
assay: he knows, also, that the yellow and gray sulphurets must 
be roasted, and the first metallic button from such should have an 
additional refining, or an impure excess of weight will be recorded 
as copper. It informs him that the fire assay for tin would pro- 
duce but an unfinished, refractory alloy; and, consequently, the 
assay must be accomplished by some other method, or those next 
following: 

First, complete the assay of this staniferous metal button, as 
thus obtained, by chemical analysis. 

Secondly, dissolve the one part, of one hundred grains, in three 
parts of hydro-chloric acid, one part of nitric acid, and one part 
of water, by gently boiling for about one hour, in some position 
where the fumes may pass away ; pour off this solution which 
carries the gold, copper, lead, iron, etc., and after washing the 
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oxide of tin (which still remains as before) with water, to assay 
it by crucible, machine, or blow-pipe, as will be described in 
proper places, at Chapter XII, Section III. 

It is a somewhat singular and most advantageous fact that the 
sulphurets of lead and antimony are not found with tin, which 
saves much annoyance; for, being of similar specific gravity, and 
very fusible, they would be so obstinately associated, that not 
only water would fail to separate them, but roasting could not be 
more successfully resorted to for a/i^r-separation by water, as in 
the case vnth the sulphuret and arseniuret of iron. 

Thirdly, re-pulverize, and further re-concentrate, until nothing 
remains but the gold, copper, sulphuret of iron, and oxide of 
tin; pick out the gold' and copper, with the forceps; roast the 
remainder at a red heat ; then pulverize, and re-wash until the 
water ceases to be colored red, when the oxide of tin, appearing 
clean, can be reduced by either of t^e fire methods. 

Fourthly, after it has been well roasted at a low red-heat, and 
treated with hydro-chloric and nitric acids, as explained in the 
second mode, then wash clean with water, dry this concentrated 
oxide at 212^, and weigh to calculate its percentage, by multi- 
plying by 78.38, and dividing by 100. 

Thus, if the weight of oxide obtained amounted to ten grains, 
the formula and result will stand thus: — i6o"=7.83 per cent, me- 
tallic tin; or, lOx .7838=7.83* 

These, second, third and fourth methods, when properly con- 
ducted, are reliable, and millions of pounds sterling have been 
paid for ores that have been assayed less correctly. 

This tin oxide is unaffected by the pestle, water, acids, or un- 
fiuxed red-hot roasting; and, consequently, the roasting, pulver- 
izations, and washings, greatly facilitate to entirely rid it from 
all the other minerals with which it is associated, excepting the 
rare tungstate of iron (wolfram); the injurious effects of which, 
however, have been controlled in the second and third by acids 
and fire, as the last can be, by the addition of a few drops of nitric 
and hydro-chloric acids, towards the latter end of the last water 
washing, before it is dried for weighing. 

For lead, in this sample, he finds no correct fire method for its 
assay, etc., and therefore chemical means must be resorted to, 
or the lead may be extracted therefrom with the forceps, and 

* Milated from its percentage of metal, or passed by a fluxed 
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fusion in crucible or on charcoal before the blow-pipe, to the 
metallic state. 

In fact, the whole components of the sample are so exposed 
that, with a good lens, he can see the variously colored metals 
and minerals, and ascertain their relative proportions and con- 
stitutional/natures, as distinctly as he would so many flowers in 
a g^arden ; and they may be separately examined by the blow- 
pipe, or wet re-agents, for further collateral satisfaction, when 
deemed necessary. 

Gold may also be not only tested, but actually assayed most 
promptly and correctly, by this mode, either in free condition, or 
-when parted from its heavy residue by acid, dried, and directly 
w^eighed; or amalgamated with mercury, and smelted by crucible, 
scori£er, or machine, into button ; as fully described in Chapter 
Vm, Section ni. 

The blow-pipe, wonderfully prompt and effective as it undoubt- 
edly is, in the hands of the really experienced man, for discrim- 
ation; is often deficient in the quantitative examinations of the 
more useful metallic minerals worked by the miner, thus so read- 
ily performed by this less studied and preeminently practical 
means ; to which the best blow-pipist may oftentimes resort for 
Taluable assistance, both before and after his fire testings. 

The microscope has been too much extolled for discriminating 
purposes, as it is so very expensive that it can only be obtained 
by the favored few, and they must be previously educated to 
recognize the visual features of all the really pure samples, which 
are but rare — as the useful minerals are either dirty or mixed — 
and cannot be thus recoguized. 
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CHAPTEE IV. 



THE MODES FOB DI80RIHINATION BT OBDINABT BLOW-PIPE, OB ASSaYINO 
MAOHIKE, ASSISTED AT TIMES BY DBY ASD WET TESTS, OF SUCH OF 
THE METALS, MINEBALB AND EABTHS, WITH THEIB YABIOUS COMBI- 
NATIONS, THAT SHOULD BE KNOWN BY THE EZPLOBEB, MINEB, ICILLEB, 
SMELTEB, ASSAYEB AND METALLUBGIST. 

The following methods for ascertaining the presence of the 
useful minerals were written to assist practical men, with use 
of comparatively simple means, in recognizing the yarious 
kinds, and quantities, when sufficient value is contained in an 
ore for profitable purposes, rather than for the really delicate 
analysis; and I have, therefore, deviated, in many ways, from the 
stereotyped records of books for such men's immediate require- 
ments, in a business for which their education had not been 
intentionally adapted. 

If they have desire, time, opportunity, energy, and persever- 
ance, these rudimentary examples will not deter, but encourage 
them to prosecute the studies of more unusual elements, in the 
many elaborately systematic works which have been published 
in the leading languages since the days of the immortalized Bar- 
zelius, and the other enlightened practicals of Sweden, to whom 
the world has been principally indebted for the prompt and 
numerous reactions obtained from the useful blow-pipe. 

Favoring this system, the assaying machine was contrived for 
enabling the unpracticed amateur, by auxiliary mechanisms, and 
general simplifications, to make actual assays of gold, silver, cop- 
per, tin, and lead, after a few hours of personal teaching, or by 
the written instructions contained in this book, and treating ten 
times as much as the common blow-pipe has ever reduced before. 
The tools are also present for all kinds of discrimination and 
lysis, as fusion of ten or twenty grains on unfluxed charcoal. 
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or 'with an alkaline carbonate, etc.; roasting, enblimation, teet- 
tabing, and ignition ; drying, evaporating, boiling, distilling, 
filtering, etc.; bo that euoh extended studies are hereby encour- 
aged to a remarkable degree. 

Naming one or two of such works may be an injustice to others; 
but the publications of Harkorl, and Muapratl's Planner's QutUi- 
iative and Quantitative, Berzelian Blow-pipe Analysis, have legiti- 
mate claims for originality and completeness; whilst the valuable 
eclectic text-books of Elderhorst's Blow-pipe Analysis for the Bec- 
orda of Mineral Reactums, and Dana's Manual of Mineralogy, for 
(he Physical Qualities, ComposUions, etc., of Minerals, are well 
adapted for your general reference. 

All of the necessary tools and fluxes, excepting such as are 
common in mining camps, and the acids and other liquids, 
(which should be carried in a separate case,) for the following 
tests and assays, will be supplied with the machine; and the few 
others that are required by these authors, are described in their 

The accompanying illustration shows the Portable Prospector's 
Assaying Machine, when packed for traveling, in a five-inch box. 

Fis. 20. 



tn the following discriminations, a few examples will be select- 
ed to illustrate the necessary operations f or^poeing some of the 
peculiar reactions of the minerals, so as to procure sufficient 
manipulative skill for the application of the various tests recorded 
in the alphabetical list of mineral reactions contained in Chapter 
Vn, Section IH. 

To erect for work, first unscrew the cap or mortar from the top 
of the machine; remove the flux box and column which are seen 
on either side; open the tool-boxes around the bed-plate; unclasp 
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the Bpring-fing^ers; take off the sieve from this oolnnm, uid spread 
all the flux ohestB, tools and applianoes around the apparatus. 
You will next see, by taking out the bell-cup, that the intemal 
anti-retum valve and its joint are air-tight. If these are not in 
good condition, tajie out this valve-box, by eimply drawing and 
shaking it from within and gently forcing the rubber tube in 
from without, sufficiently far that you can lift the valve-box and 
that part of the tube outside of the body of the machine, for 
rectification; replace it in a similar manner, by drawing the rubber 
tube outwardly, and jostling, when the both joints will be simul- 

Fig. 21. 



(Amnged f or th« g«D«nl putpDBeB of tha AnalyAt ud Amewpir.} 

taneously tightened. Next, place a rubber ring under, and an- 
other over, the flange of the inverted bell-cup, and lay it into 
the stuffing-box, with its long tube down in the opposite corner 
from the valve ; pour water through this tube, into the square 
chamber of the machine, until it rises just to the bottom of the 
bell-cup; screw the cylindrical column down on the rubber rings, 
moderately firm, an^top the blast-boles quite tight, by placing 
the two oonical handles of the nozzles into them; gently blow in 
by the mouth-piece a full breath, which will raise the water into 
this column. If the water does not retain its height, there is an 
air leak somewhere. If it is from the internal square chamber 
to this column, by way of the rubber joint, it will be evinced by 
continuous air bubbles arising therein. If the water descends in 
the column, without bubbling, there is an outward air leak from 
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the square chamber, most probably by way of the yalve or its 
joint, which will cease after they have been soaked supple by the 
water; or it may be from around the handles that are in the blast- 
holes, which will be no inconyenience when the machine is in 
blast, unless the loss is excessive. 

If the rubber rings leak water outwardly, they have not been 
properly placed in position. After this blowing part is ready ^^ 
and the nozzles do not blow the water through, the wicks can be 
placed in the four-holed lever, of such a size that they shall just 
rab in the holes sufficiently tight for keeping their positions, but 
allowing perfect freedom for the capillary action of the oil, or the 
flame will not be fully well supplied for the smelting to be per- 
formed successfully. This may be seen by the wick being dry, 
or iQ active red combustion, instead of serving as the absorb- 
ing or carrying channel of oil, for supporting the flame. The 
trimming of the wick properly is the most difficult part of the 
operation; it should be so cut that it will be free from stray fibers, 
ran in a parallel diagonal line with the descending blast, and 
just so large that a well oiled clear flame shall be produced, 
rather than a too voluminous, ragged-topped or scattered and 
consequently smoky combustion. 

The wick-chamber may now be filled with olive oU, when the 
machine will be in proper order, and like the common mouth 
blow-pipe, well adapted for the discrimination of minerals on char- 
coat, from their general comportment, as decrepitation, change 
of appearance, or color of flames; smell of the more volatile ox- 
ides or acids from sulphur, arsenic, etc. ; fusibility with or with- 
out fluxes; comparative dispositions towards reduction to their 
metallic statesj whether magnetic or not, after fusion; change of 
color; loss of weight from volatilization, or combustion; colors of 
slags, either alone or with collateral wet tests, etc., as will be 
explained. 

Or for examination in forceps, for some of the preceding, but 
more particularly for the colors of the flames produced either 
with or without chemical tests; for comparative fusibility of the 
more infusible materials; for the change of its color or friability; 
as well as the characteristically colored lights already explained, 
and peculiar smells induced by heat. 

Or for examination by a smaU platinum {or iron) wire, crooked 
into a terminal eye, in which, after certain fluxes are fused, the 
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minerals are added in minute quantities, and again smelted ; 
when many of their elements are readily detected by the color, 
appearance, and changes, produced by the oxidizing and redu- 
cing flames ; many of which reactions are wonderftQly prompt, 
delicate, and reliable. 

And, lastly, by open and close-ended test tubes, in which the pul- 
^verized minerals are subjected to the decomposing power of heat, 
sometimes aided by fluxes, either over a flame from an alcohol 
lamp, or before that of the blow-pipe across the wick; the more 
volatile giving off oxides or acids, gases or fumes, that are most 
readily recognized by sight, smell, etc., etc. 

THE OXIDIZINO AUD lUSDUCINa FLAMES FBOM BLOW-PIPE. 

To produce positive reactions, it will be necessary to thor- 
oughly understand what governs the result. 

In regard to these flames, much has been said and unsaid, both 
by European and American authors, which has muddled rather 
than explained this subject, by anomalous contradiction, arising, 
I think, from their endeavoring to account for their different 
powers by purely chemical creations before or within the flames 
themselves, rather than from the mere mechanical positions, that 
warm, or completely extract by actual combustion, the atmos- 
pheric oxygen which is thus driven before blast. 

In the following exposition of the flames, those that are forced 
across the natural flame of the lamp, at a declination of about 10^, 
before the blast-pipe, are meant, excepting when the original 
flame is purposely expressed. 

Long practical observation leads one to believ^ that the vol- 
atilization, or decomposition and oxidation of a mineral, is pro- 
duced in an atmosphere that contains intensely heated oxygen, 
which, being thus induced, directed, and pressed, at fifteen 
pounds per inch, to actual contact with the hot mineral or metaUic 
fluid, for which it has thus acquired a suitable affinity, and no 
other substance being present, it necessarily completes its union 
therewith, whether the warm air is produced by blue or yellow 
flames ; and, as proved by a furnace muffle, when all other ele- 
ments, having like affinity, are absent, nothing more than suffi- 
cient heat is required to consummate this union; nor is it facili- 
^. or retarded, when exposed, or in the muffle, by color or 
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compoBition of the outside and distant beat-supplying flames, 
be thej yellow or blue, carmine or green. 

The oxidized minerals are also reduced or smelted into metals, 
when gaseous oxygen is excluded, or attached by some other 
element having a greater affinity, as hydrogen or carbon, whose 
local oxidation or combustion, by preventing the entrance of 
atmospheric oxygen from without and also uniting to that of the 
enclosed mineral, the metals are produced. 

In practice, the whole more cylindrical mass of the flame is 
more suitable for reductions, because of its amplitude and power; 
and the small, cone-shaped and clean blue flame, being veiy hot 
and finely pointed, is inflnitely better for oxidation. 

For the general purposes of qualitative and quantitative analy- 
sis, these flames have been recommended by Berzelius, Harkort, 
and Plattner; and the best and most concise description I have 
seen of them is contained in the rudimentary treatise of Dr. Bob- 
ert H. Lamborn on the Metallurgy of Copper, He says: 

** When the point of the blow-pipe is held about one-third the 
breadth of the wick in the lamp flame, (as in figure 4,) a flame is 
produced in blowing that is long, slender, and blue; is hottest at 
the outermost point, (a,) and is an oxidizing flame. This action, 
however, is strongest slightly beyond a, (about d,) in the stream 
of heated gas. 

"If, now, the point of the blow- pipe be held as in figure 5, 
somewhat higher than before, and not quite within the flame, a 
larger and more luminous cone of burning gases may be driven 
in the direction of b, c; within the bright portion of tlie flame at 
a, the above mentioned chemical action on oxides takes place, 
which causes this to be called the reducing flame." 

(The figure alluded to, being unnecessary, is not given.) 

For those who will use either a common, or the machine blow- 
pipe lamp, for discrimination and assay, as dkected in this work, 
these flames may be further described as folMrs: 

The whole flame driven be/ore the blast, when tovjched by the nozzle 
at the first end and completely enclosing the sample with fire at the 
other end, is the reducing or smeUing flame. 

Oocidaiion is best effected at one-quarter of an inch beyond a smaU, 
and conical, blue flame's terminal point. 

Produce these in any manner you may, the first will reduce, 
and the last will oxidize. 
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The reducing or smelting flame is obtained before the machine, 
at about where the wick-lever stops after outward traverse. 

The oxidizing flame may also be produced at or near the end 
of the lever's inward ascending limits, which can be transversely 
perfected, when necessary, by the especially contrived elevating 
screw that plies beneath the handle of the wick-lever; and if still 
insufficient, the nearer blast pipes may be slightly moved, to 
play a little across the other flames. 

DISCBIMINATION OM OHABOOAL. 

Cut a piece of sound and well burnt pine charcoal, by first saw- 
ing it vertically as the tree grew, or lengthwise with the branch, as 
planks of lumber, to about three-fourths of an inch in thickness, 
and not less than two inches square; on one of its flat or largest 
sides, drill with a knife a small recess of the size and shape of a 
split pea, near to either edge, into which put a piece, no larger 
than a grain of wheat, of the mineral for examination; or, if the 
sample decrepitates and a powder must be tested, the same quan- 
tity may be moistened with water into a paste, and then pressed 
well down into a similar concavity, so that the blast shall not 
scatter it from the coal. 

For machine teats , light just one lamp, and use the nearest 
blast-pipe only, by placing the handle of the third and fourth 
twin pipes into the large main supply pipe, and your small clear- 
ing needle into the second orifice. 

After the lamp has burned for a minute, trim off any stray 
fibers, collect the wick into snug shape, and in proper position 
before the nozzle, so that, when the blast is applied, by blowing 
a full breath into the machine occasionally, a voluminous yellow 
or conical blue flame can be produced at pleasure, (by the appro- 
priate motions of the wick-lever and its transverse screw,) for 
reduction and oxi^^ion. 

It will be imperRvely essential for accuracy that the charcoal 
should be first tested by the fiames before any mineral is placed 
thereon, so as to be aware of the natural effects produced; as some 
coals acquire a coating or coloring from their innate or acci- 
dental impurities, which too closely resemble some of the 
metallic oxides. 
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EZAHINATIOK OF THB VEIN STONES, OB MINEBA.L MATBI0E8, ON UNirLUZlSD 
CHABCOAIi: AS QUABTZ, HEAVY 8PAB, FLUOB SFAB; OALG SPAB, OB THE 
OTHEB OABBONATBS OF LIME; OYPSUSf, MAONESIA, AND ALUMINA; WHEN 
SEPARATED FBOM METALS AND OTHER MINERALS. 

A fragment of matrix or gangue stone from a vein or mineral- 
ized pocket, being placed in a small recess of the charcoal, it 
must be held, for about one minute, before the oxidizing flame, 
during which, if it is not pulverized, you will notice whether it 
decrepitates, (or suddenly bursts with a crackling noise into frag- 
ments,) as fluor spar, (fluate of lime,) and heavy spar, (sulphate 
of baryta;) if it changes color, as gypsum, (sulphate of lime,) 
which immediately becomes white, and crumbles into plaster- 
paris; or whitens, and becomes opaque, and luminous on the 
edges, in the flame, as calcareous spars; or phosphorescent 
blue, at a moderate heat, even after leaving the Are, as fluor spar; 
or partially or entirely fusible, as heavy spar, fluorspar, and gyp- 
sum, under long-continued intense heat; or infusible, as quartz, 
the aluminous earths, and the carbonates of lime and magnesia. 

Both lime and magnesia show very bright edges, when subject- 
ed to a high degree of heat before the blow-pipe; but the lime- 
stones will crumble.and slack in water afterwards, and those of 
magnesia will not 

ADDITIONAL COLLATERAL TESTS, BY CARBONATE OF SODA, WATER, SULPHU- 
RIC ACID, AND NITRATE OF COBALT SOLUTION, ON THESE VEIN AND POCKET 
STONES. 

First, add a drop or two of nitrate of cobalt to the heated stone 
or powder, then re-apply the flame for a few seconds and observe, 
after it becomes cold, if any change of color has been produced. 
If brownish pink or flesh-colored, magnesium is present in some of 
its compounds; if pale blue, aluminum, the chief component of clay. 
When magnesia and alumina are both present in a pulverized 
sample, their characteristic colors can be more readily and posi- 
tively recognized through a magnifying glass. These reactions 
or changes, thus produced, are very characteristic, as nothing 
can conflict therewith in practice, unless borax and manganese, 
or borax and nickel, are also present, which would form some- 
what similar beads to that from nitrate of cobalt and magnesia; 
12 
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while borax would also form a blue with the cobalt from this 
solution. 

Quartz may be distinguished from heavy spar by hardness, 
not losing weight under fire, fusibility with carbonate of soda 
on charcoal, and not giving the sulphur reaction by coloring^ sil- 
ver brown or black if placed thereon after this fusion with car- 
bonate of soda, when moistened with water. 

Fluor spar can be most easily recognized before a flame, or by 
throwing a stone into a fire, where it violently decrepitates, and 
each scattered fragment will exhibit a very peculiar phosphores- 
cent light for some time after it has left the fire, which resembles 
nothing else, and, once seen, will never be forgotten. This stone 
is composed of fluoric acid and lime, and, when decomposed by 
warm sulphuric acid in a glasa vessel, the released fluoric acid 
(having a strong affinity for silica) immediately attacks the glass, 
and produces a frosted or etched appearance by destroying its 
polished surface. This may be performed on a smaller scale 
upon charcoal, by moistening the sample with sulphuric acid, 
and treating it beyond the point of a clean flame, so that the 
, escaping fluoric acid may impinge on the glass. 

The other lime-stones may generally be known, after having 
been well burned, by their slacking in water, similar to the com- 
mercial article; the carbonates, also, by their somewhat violent 
effervescence in all of the strong acids; andjgypsum, the sulphate 
of lime, may be tried by the additional test already given, of 
fusing the sample with carbonate of soda upon charcoal, 
which then, by producing a sulphate of soda, that is soluble in 
water, it colors the silver from brown to black, according to the 
quantity present, or time allowed for the reaction. This test 
becomes much more prompt and delicate, when the silver coin 
that supports the sulphate solution is slightly warmed over a 
lamp. 
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Figure 22. 
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Eigaxe 22 representi a telescopioatly arranged Berzelian blow- 
inpe, that ma; be carried in the rest pocket, wUcIi I have cut 
after the manner shown by the triple illustrationa; as fixed for 
use, separated, and packed for traveling; -which are Bufficieiitlj 
explained by the outs. 

The ordinary form, thongb most convenient and exceedingly 
small for laboratory uses, is nntowardly long for the prospector's 
pocket, and general itinerant purposes. 

In a section of a portion of Ihia blow-pipe, (fig. 23,) urill be seen, 
xoi&in the mouih-piece, another peculiariiy — the amaU inserted 
Jianged iube, marked a; whvih most effeclndUy stop* the water that 
vjould otherwise pass from the mouth inio the blow-pipe and over the 
charcoal, during long blowing for the various quarditaiive resuUs, 

Figure 23. 



Its action is most complete, as the water cannot turn the cor- 
ner of the flange. It can be easily applied to any bell-mouthed 
blow-pipe, and as it is alw^s better and less tiresome to receive 
the bell within the month, to be preyed by the blaei against the inte- 
rior of the lips, than to press it mechanically against their exterior, 
no inconvenience can arise from its presence. 

EXAMIHATIOD of the KOBE USEFUL U&TAUJO UmEIULS,' BY BICELTtNO 
WITH FLUXBS ON OHABOOAL, SOMBTIH&B ASaxsTED BT WET TESTS. 

Take, for a^ txample, about one grain of the pulverized sam- 
ple, prepared in the manner described in Section IQ, Chapter 
m, page 164, and, after mixing it in the mortar with its bulk of 
carbonate of soda, pulverize it with a little water into an impal- 
pable paste, and place it in a cylindrical cavity about three-eighths 
of an inch in diameter and three-eighths of an inch deep, formed 
near one edge, on the fiat side of the coal. Blow a very gentle 
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oxidizing flame thereon for about one minute, and then the whole 
of the reducing flame, which must completely cover the sample, 
for two minutes; and, lastly, the oxidizing flame, with the test 
about three-eighths of an inch beyond its blue conical point, 
for about a minute longer, when you may cease blowing, and 
carefully examine the appearance of the charcoal, both when hot 
and when cold. 

At some distance from the cavity that contained the sample 
may be seen, whilst it is still hot, the orange-yellow oxide of 
lead, which will become sulphur-yellow when it is cold. The 
oxide of zinc is yellow when hot, but white when cold; and, if the 
oxide of lead is also present, the yellow becomes narrower when 
cold. Close to the assay will appear the heavier white oxide of 
tin, which is slower in deposition, and after it has been moistened 
by one drop of the nitrate of cobalt solution, and fused before 
the oxidizing flame for about a half-minute, it will show, when 
it becomes quite cold, a change to the characteristic color for tin, 
of greenish blue; and, further from the assay, the green of zinc. 
With the assistance of a powerful lens, you may also see the clear 
pcde blue of alumina, and the flesh color of magnesia in patches 
of the variously composed and scattered slag. 

Now, by moistening the mass with hydro-chloric (muriatic) 
acid, and reflaming, the first flame produced thereby will be blue, 
and then, after a few seconds, the green flame from copper will 
appear. 

Next, lift the whole slag from the charcoal, and apply it to the 
magnetic needle of your compass, (which should have a remov- 
able glass for this purpose); it will be magnetic from reduced iron, 
or iron from the mortar, which latter might have been prevented 
by bruising in brass or between stones* 

Lastly, the presence of sulphur may be recognized by laying 
the sulphate of soda, thus already formed, upon wet silver, as in 
the previous examples. 

This is a complicated case, and, as regards the earths, the 
colors are too much mingled by fluxed fusion, and obscured by 
metallic oxides, for reliance thereon; but it serves as an important 
illustration of the preliminary water separation, as described in 
Section III, Chapter III, and as an example for the less intricate 
cases in the alphabetical list of mineral tests recorded in Chapter 
Vn, Section IH. 
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SZAKIHATIOV IN F0B0IP8. 

The platinum-pointed forceps are most appropriate for this 
work, as they resist all single acids as well as the ordinary fire; 
bat a small iron wire may be turned round to form natural spring- 
points for many occasional purposes, as it bears to some extent 
the heat from the blow-pipe, does not color the flame with the re* 
agents that are used, and if the test is saturated with the acid, 
when off from the wire, it will serve for some considerable time, 
in the absence of the superior article. 

The forceps are used for holding small pieces of minerals 
between their spring-points, in the flame, without fluxes, but oc- 
casionally with an acid; and it is best adapted for observing the 
changes produced by heat alone, as decrepitation, luminosity, 
and color ; the fusibility of the more infusible earths, the colors 
of the flames or effects generated by such heat, or when aided 
by some wet solvent; as well as for magnetic action and the char- 
acteristic odors that may be evolved. 

To apply this test, just take a small, sharp-edged, piece of the 
mineral, about the size of a pin's head, between the self-closing 
spring points of the forceps, and after it has been acted on by a 
clear strong flame for a few seconds, to notice if it decrepitates, 
changes color, or becomes lustrous, or fuses entirely, but par- 
tially on the sharp edges, or not at all ; if the flame shows any 
peculiar color, either before or after the mineral has been moist- 
ened by a characteristic solvent, as that of hydro-chloric acid for 
copper, which, after first giving a blue, from chlorine^ concludes 
with the green from copper; if it is magnetic either before or 
after long-continued blowing; and, lastiy, if it vnll slack like 
lime, in water. 

DISOBIMINATION BT FLUXES IN THE PLATINITM WIBB LOOP. 

This method for qualitative analysis, so portable and conven- 
ient for use, is as wonderfully prompt in action, as beautiful and 
infatuating in its incontrovertible and astounding results; only 
requiring but a mere speck of the mineral, it acquires more in- 
formation in a minute, as regards its more palpable reactions, 
than other means by several hours; and this so easily, that it is 
in such cases invaluable for the mineralogist, metallurgist, and 
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general chemist, in dealing with many natural minerals and met- 
als, as well as chemical precipitates; the more so because many 
of them are the most difficult by other known wet tests. 

The miner and metallurgist will realize those of the following 
examples in his practical avocation: * 

For illustration, a sample that becomes magnetic after com- 
plete fusion on charcoal, from the presence and partial reduction 
of iron and nickel, may be pulverized, then well washed with 
water, and examined thus: Take a piece of small platinum wire, 
(of the size of the smallest bird-cage wire,) which may be from 
one to three inches long, and fix it in a metallic or wooden han- 
dle, as you would a brad-awl; next turn the outer end into a very 
small hook, like a shepherd's crook, or as an eye, of about the 
size and shape of the note called minim in musical notation; 
hold this terminal loop or eye into the clean oxidizing flame until 
it becomes red hot, then dip it into some pure borax or borax 
glass^ (borax previously fused in a crucible to expel its water of 
crystallization,) and warm it in the flame until it fuses to a color- 
less liquid, which cool and moisten with water if the sample to 
be tested is dry, so that a small portion may adhere thereto, or 
dip it into the ore if it is wet, as the above water-washed concen- 
trated sample, or as a chemical precipitant would generally be. 
Now, if the magnetic mineral contains any iron, the bead mil be 
changed by the oxidizing flame to red whilst 'hot, and yellow 
when cold, but in the reducing flame to bottle-green; and when 
a particle of metallic tin is added thereto, this color is increased 
to copperas green. 

If the magnetic mineral is cobalt, it will produce a bright blue 
bead, in both flames, when hot and cold. 

If the magnetic mineral is nickel, it will be violet when hot, 
and reddish brown when cold, in the oxidizing flame; and, after 
long-continued heat, in the reduction flame, it becomes colorless. 
For more positive proof of the presence of nickel, the absence of 
manganese must be demonstrated, which gives a somewhat simi- 
lar bead, and, being frequently associated with iron that also at- 
tracts the magnet, it would, by too closely resembling nickel, lead 
to error. The presence of manganese may be most readily ascer- 
tained by thoroughly cleaning the platinum wire from borax, and 
testing in similar manner with a clean bead of carbonate of soda; 
if manganese is present, the glass will fuse to a very characteris- 



184 THE EXPLORERS^ MINERS AND 

tic green, which becomes bluish green when quite cold ; whilst 
the nickel would be reduced in this flux to the metallic state; and 
if smelted with carbonate of soda on charcoal, then pulverized, 
and water- washed, as described in the latter part of this chapter, 
the metallic nickel may be extracted with the magnet, from the 
liquid, or its dried residue, and reexamined by borax. The man- 
ganese and cobalt cannot be thus reduced, and the iron is known 
by the differently colored bead. 

The characteristic colors of the fluxed mineral beads, when 
some of the metals are in excess, can be much more easily per- 
formed and distinctly recognized after pulverization than by the 
impracticable method of flattening the hot slag between forceps, 
as described by many authors. 

The above example should serve to show the importance of 
keeping the fluxes separate, and obtaining them chemically pure, 
as otherwise much useless confusion will result. 

Another application of this method of testing will suffice both 
for colors of beads and flames : 

Prepare a clear bead, in a similar manner, with microcosmic 
salt, (the double phosphate of soda and ammonia,) which fuse 
with oxide of copper to saturation, or with mineral copper oxi- 
dized with this re-agent of microcosmic salt, before the point of 
the small conical blue flame, until it shows the strong character- 
istic colors of green when hot, and blue when cold ; next add 
thereto any substance to be tested for chlorine, as hydro-chloric 
acid, chlorides of sodium or ammonium, chlorides of zinc, silver, 
or copper, chlorides of calcium, barium, etc., etc. If chlorine is 
present in any form, a beautiful blue flame will be produced for 
a short time, immediately beyond the point of the oxidizing flame 
and sample, in the ignited gases as they are driven before blast ; 
and, if hydro-chloric acid is being tested, as it is also a solvent 
of copper, after the chlorine flame passes away, the characteristic 
green flame of copper will appear; and, when chloride of sodium 
is examined, that of the strong yellow flame produced by soda 
will predominate, the blue from chlorine showing on the borders 
during the first few seconds only, whilst the soda will continue 
visible for some minutes. 

This test for copper may, however, be more easily applied in 
the platinum forceps, by moistening the unfluxed solid with hy- 
'^^o-chloric acid, and placing it in the heatec^ current produced 
beyond the terminal point of the oxidizing flame. 
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DISCRIMINATION IN OLOSB QLASS TUBES, OYEB THB GLEAN FLAME 07 AN 

ALCOHOL LAMP. 

To form a tube-stand with the machine, place the cylindrical 
roasting furnace on the pressure column, and screw on the short 
double- jointed lever thereto, as seen in figure 21, page 172; at- 
tach to its outer end the three-holed tube-holder, and insert a 
close-ended test tube in one of these holes, so that it shall have 
an ang^le of about 25^ from the horizontal. If jou have no alco- 
hol lamp, take a common conical ink bottle, and drill a hole in 
its cork sufficiently large to receive, loosely, an empty cartridge 
from a small pocket pistol, and then to stamp or drill, with the 
point of a knife or scissors, a one-fourth inch hole in it to receive 
a suitably sized cotton wick. 

To operate on a mineral sample supposed to contain mercury, 
which, being very volatile, will require this close treatment; you 
may first mix about one grain of the ore with its weight of dry 
carbonate of soda, then plsrce it in this tube of about five-eighths 
of an inch in diameter and closed at the one end, so as to grad- 
ually apply the heat of the lamp beneath, for about ten minutes. 
If mercurial ore is present, it will be decomposed, and its vola- 
tilized metal will condense and settle in the upper and colder 
part of the tube, which can be more easibly recognized by a lens 
when the condensed metal is collected into ridges and globules, 
by rubbing the internal surface of the tube with a glass or clean 
metallic rod. 

A still more delicate test is 'that of inserting a piece of copper, 
or gold leaf wrapped around a small iron wire, into the tube to 
about a half-inch above the heated sample, as suspended in 
position by a suitable crook at the upper end; when, if the small- 
est quantity is present, it will whiten gold, brass, copper, etc., by 
amalgamation. (See Chapters YI and YII for test on coin.) 

DISOBIMINATION IN GLASS TUBES OPEN AT BOTH ENDS. 

These tubes should be about one-third of an inch in internal 
diameter, and may be passed loosely into one of the holes of this 
three-holed lever, in such a manner that it shall rest securely 
therein, when dipping at an angle of from 20° to 30° from 
horizontal; the mineral to be examined must be pulverized, and 
should lie within about three-fourths of an inch from the lower 
end of the tube; the natural flame from an alcohol lamp will be 
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generally Bofficienfc, but sometimes, when greater heat is desira- 
ble, the blow-pipe may be nsed to play increased heat of the flame 
beneath where the sample lies, when the most stable minerals 
may be decomposed, and their volatile elements carried up-wards 
by the rarified gases, to either settle in the colder parts of the 
tube, with characteristic colors at their respective distances, or, 
pass through the upper end into the air, to be detected by pecul- 
iar smells, acid properties, etc. , etc. , as well as from all these 
peculiarities, when connected with the tests by other methods; 
as antimony from its flowery perfume, arsenic by its disagreeable 
garlic stink, and both by their white volatile oxides, in the tube 
and the smoke passing through; sulphur by its yellow and yel- 
lowish-white oxide within the tube, and odor of sulphurous 
acid. (See Chapters YI and YII for Mineral Eeactions.) 

These samples will be sufficient for exposing the methods of 
manipulation, which may be further extended to suit the tabular 
records of mineral reactions, published in technical books. 

EXAMINATION BT SMELTINO AND WATEB-WASmNG. 

For qualitative-quantitative information, to ascertain if any, or 
which of the smelting minerals may be in a stone, it is often 
very efficacious to fuse a quantity, say one grain of the pulver- 
ized sample, with the ordinary blow-pipe, or ten grains before the 
machine, as follows: First, mix with the mineral equal volumes 
of carbonate of soda, borax glass, and cyanide of potassium, and 
after it has been placed in a paper cartridge, and fused by the re- 
duction flame for ten minutes, many minerals, if present, will be 
reduced to metals or alloys. Next crush it to a fine powder, with- 
out sifting, and wash with water, as described in the chapter on 
water treatment, which will pass away the soluble and lighter 
debris; then pulverize, by rubbing the wet remainder under the 
pestle, and re-wash to pass off all but the flattened metallic disks, 
which for practical purposes may be fully examined with the 
naked eye; but when vision is assisted by a magnifying glass, the 
most minute quantities can be thus detected, after this flattening 
and brightening, if the manipulations have been carefully con- 
ducted; and the metals, when not alloyed, can^ be promptly rec- 
ognized by their colors, etc. 
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CHAPTER V. 



TESIING THE USEFUL AND PROFITABIiE MINEBALS, BY A NEW METHOD 

FOB PBACnCAL UEN. 

These modes for examination are intended for men having no 
other tools than those found in and around all prospectors' and 
miners' camps. 

EXAMINATION OF THE YEIN-STONE MATBIOES. 

In the examination of a stone that has been broken from a 
mineralized vein or pocket, (which is in itself a safeguard for the 
absence of many other stones and earths, and confines the num- 
ber to bat a few for discnmination,) first observe its color, hard- 
ness, crystallization, and weight, or specific gravity, by handling, 
or actual weighing, etc. 

If it is white, and more or less transparent; rosy or rusty white; 
scratches glass, and is wholly or partially composed of six-sided 
pyramidal crystala, that terminate in abruptly mUred points, 
from the same number of sides, either at the one or both ends, 
and does not deoiepitate, (burst with a crackling noise,) or lose 
weight after being roasted for half an hour at red heat; or 
change in any other way, and still bruises with difficulty to a fine 
powder; it is quartz. 

II the test-stone is water-white, yellowish, sky-blue, greenish- 
blue, rosy red, amethystine, purple, deep purple approaching 
to black, very brittle, does not scratch glass, and is not scratched 
by the nail, is of a ct^&icoZ crystallization, and on being heated in 
the fire, in a comparatively dark place, it suddenly bursts with a 
crackling noise, and scatters into numerous pieces, exhibiting 
peculiar pho^horescent lights, which vary in color just as much as 
the mineral itself, and continue visible for some time after they have 
^apedfrom the fire; it is fluor spar. 

If the stone is white, rusty white, yellow, greenish or grayish- 
blue, too soft to scratch glass, and does not decrepitate if placed 
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in a hot fire, but becomes liudroua when very hot, at the UMer stagi 
of an hour's roasting, and white when quite cold, haying losi 
some of its weight, acquired a caustic taste and slacks or crumblesl 
like commercial lime, in water ; it is one of the carbonates o| 
lime, as compact marble, which looks somewhat like loaf sugarj 
or chalk, that readily marks whatever it touches ; or blue lime^ 
stone; or calc spar, which is fine-grained, wax-like, soft to the 
touch, and is easily scratched by the nail. 

These and other carbonates effervesce in aU of the strong acids. 
which is good collateral evidence; but crystallization shows noth- 
ing for your purpose in this example, as more than eight hundred 
modifications from the obtuse rhomboid have been observed. 

If the stone is dirty white, yellow, red, brown, or gray; of a 
horny or pearl-like appearance; or bruises to a flour-white, or i^ 
easily scratched by the nail to this flour-white appearance ; it 
cuts into thin, flexible flakes, and immediately whitens and crum- 
bles in the fire, during visible curvilinear motions, as if suffering 
pain, and speedily becomes caustic, with loss of a considerable 
ratio of its weight, and slacks in water; it is gypsum, (hydrated 
sulphate of lime.) As an additional proof, the sulphur may be 
detected by fusing some of the pulverized stone with carbonate 
of soda, (or saleratus, which contains it,) in an iron spoon, over 
the fire, and placing a piece of the slag on a silver coin moistened 
with water, when, if sulphur is present in any form, the silyer 
will be tarnished to brown or brownish-black, from the soluble 
sulphate of soda thus formed. This may be facilitated and 
intensified by placing the coin over a clear lamp flame, or upon 
a previously warmed stone, baking-dish, or other hot substance. 

If the rock is white or sometimes dirty yellow, bluish, or from 
red to brown on the faces, and bruises whiter; is very heavy to 
handle and of a glass-like spar appearance, but will not scratch 
glass; decrepitates in the fire with luminosity or phosphorescence; 
lessens its weight by ignition, but does not slack in water; and 
gives the sulphur reaction on silver, as described in the preced- 
ing test for the sulphur of gypsum : it is sulphate of baryta, or 
heavy spar. The metallic mineral carbonate of iron is. sometimes 
white, but is unusual, and may be discovered by roasting in 
a hot fire with charcoal, after which it becomes magnetic, bruises 
red, and washes away in its colored water. 

This may be varied to suit certain cases, as occasion may sug- 
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est; and it has been shown that the sage-bush fire had no effect 
n quartz, T^hich scratches glass; these, with crystallization, and 
bis heat test are all-sufficient detectives for fluor spar, by expos- 
cig its properties of bursting into luminous phosphorescent par- 
Icles: as j^e is for carbonate of lime, which is thus made to slack 
Q water; and for gypsum, by causing it to crumble almost imme- 
liately into "plaster of paris" powder; whilst the heavy spar 
s distinguished from quartz, the carbonates of lime, and from 
[ypsum, by decrepitation ; and from fluor spar, by lacking its 
rery characteristic long-continued phosphorescent light. 

The fusion with carbonate of soda in the iron spoon will prove, 
f it is white lead ore, by smelting it to metallic lead, as well as 
he presence or absence of the sulphates of lime or baryta, which 
3an be further distinguished by either whitening or decrepitating 
onder the action of the fire. 

If you have acids, they will prove the carbonates by efferves- 
cence, and quartz or gypsum by their insolubility. 

SEPABATB DISCBBIINATION OF ANTIMONY, ABSEIHO AND SULPHUB, WHEN 

IN COMBINATION. 

Cast a stone of the mineral into a hot fire; if antimony is pres- 
ent in practical quantity, it will soon fuse into a waxy slag, which 
then, burning bluish green, vaporizes off in copious white fumes, 
which have a slight flower-like odor; and if a rod of iron be placed 
therein, it will obtain a white coat from the condensed oxide of 
this metal. 

If arsenic is present, a portion of it will volatilize at a moderate 
temperature, and the remainder at a still higher degree of heat, 
its white oxide condensing upon the cold iron as that of antimo- 
ny; but it does not fuse to a slag, and emits an offensive garlic 
Btink that can be easily recognized. The water-washed ore of 
antimony has also a decidedly different appearance from those 
which contain arsenic. 

Sulphur is known by 'its oxide being less voluminous and some- 
what yellow, but more decidedly by its stubborn, slow departure, 
and peculiar, sulphurous smell. An admirable and extremely 
delicate test is that already described for the gypsum and baryta 
sulphates, but more particularly when stiU further enharwed by the 
"farmed coin. 
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8BPABATE VXAVISATIOV FOB THE PBBBXKOE, QUALITY, AND PEROENTAGE. 
OF THE OOMBUSTIBLB ELEMENTS OF THE BIFFEBENT COALS. 

A very light, natural substance, that is brown or black, and 
resembles coal, may be placed in an iron spoon, crucible, or 
other suitable vessel, within a clear fire; if it ignites into fiame, 
and on being removed from the fire, continues to burn for 
some time, it is coal; and its quality may be estimated from the 
intensity and duration of the combustion, with comparative 
weight of the unconsumed residue of stone, clinker, or ashes. If 
this residue can be blown out of the spoon with a light and nat- 
ural outward breath from the lungs, it may be safely pronounced 
a good commercial article, at least for the kitchen or parlor, if 
not for the steam engine. 

If you have a balance and a set of decimal weights, or even the 
machine, with its calculating balance, by first weighing one bun- 
dled grains of coal, then burning it thoroughly and carefully in 
the spoon, and weighing its incombustible residue, you will ob- 
tain by this percentage, its comparative value as a fuel: or, hav- 
ing an assaying machine's calculating lever, you may ignite in a 
small crucible, placed in the roasting furnace, either one or ten 
balancings, for a sample, with the weight marked B in the pan, 
and read the percentage of the residue under where it lies, when 
balanced with either of the weights marked X 4, or X 3, by tak- 
ing off one or two figures from the right-hand side of the col- 
umns, as the one or ten weighings have been used for the assay, 
as fully described in the gold and silver bullion, and base metal 
assays. 

OENEBAL EXAMINATIONS FOB ALL OF THE DSEFTTL AND PBOFITABLE VIS- 
EBALS, TO ASCEBTAIN THEIB PRESENCE, AND APPBOXOCATE PEB CENT- 
AGES OF METALS. 

To illustrate this system, we will take from a dried sample of 
pulverized mineral, prepared between two hard stones, or in a 
brass mortar, as described in Chapter III, Section III, which is 
supposed to contain any one, or the whole of the minerals and 
metals of antimony, cobalt, copper, gold, iron, lead, manganese, 
mercury, nickel, platinum, silver, tin and zinc; take therefrom 
about a table-spoonful, or, if you have a correct weighing appa- 
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ratus with decimated weights, exactly one hundred grains, which, 
ifter any magnetic iron ore that it may contain has been extracted 
bj a mag^net, compass-needle, or a magnetized knife-blade, and 
placed in a heap on a clean plate for future reference, it must 
be further concentrated with water in two or three yessels, as 
fully described in Chapter III, Section III; and then, when the 
iiied metallic residue of gold, platinum, and copper, have been 
placed in separate heaps on the plate that contains the magnetic 
iron, the remaining concentrated minerals, which had been passed 
over into one of the other basins, should be drained of water, 
uid the residue dried at about 212°, by simply placing this basin, 
as a lidy over a tea-kettle, sauce-pan, or coffee-pot, containing 
boiling water, until the mineral is completely dried. Next sweep 
it with a rabbit's foot, rat's tail, a soft feather, or camel's-hair 
brush, from this vessel on to a perfectly dry and clean plate ; 
scatter the particles, so as to examine their physical characters, 
and transfer them with, a forceps into as many separate heaps, to 
ascertain their percentages, by actually weighing each mineral, 
and calculating its ratio of metal, as described in Chapter III, 
Section III, for the water assay. 

The minerals, thus separated from magnetic iron ore by the 
magnet, when concentrated, dried, and each kind of metal and 
mineral placed in separate heaps on a clean plate, may be further 
recognized either by the eye alone, or, with the assistance of a 
good and clear magnifying glass, as follows: 

One portion, sulphuret of antimony, is grayish white, having 
considerable graphite-like lustre, showing irregular, flaky, di- 
vergent crystallizations; which, however, can generally be seen 
much better before the stone has been pulverized. 

Another contains lead, as galena, which is lead*colored, of 
cubical crystallization, more granular, straight-faced, and less 
disposed to become impalpable under the pestle. 

These are often mechanically mixed together, and may be tur- 
ner examined and approximately separated by fire, thus: 

Roast a small quantity, say ten grains, or, if with calculating 
balance, by B weight, in a clean iron spoon, over a clear fire, or 
^^mp, stirring the whole time with a small rod of wood or iron, 
^iid not exceeding black heat during the first ten minutes of the 
operation. 
If sulphulret of antimony is present, white fumes will arise dur- 
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ing this period, even at such heat, which will not smell of g^arlic 
although it will ooat the rim of the spoon or a piece of cold meta 
with its white oxide, when held in the fumes. 

Next, pulverize a small piece of charcoal, and, after adding i 
half-spoonful to the mineral, roast and stir for another ten min 



utes at a heat not exceeding a low red; remove it from the fire 
and, when it is quite cold, intimately mix it with its weight o 
sugar, and about four times as much carbonate of soda, and thei 
smelt this mixture at the greatest heat obtainable in a eoninioi 
fire, the sample being also covered by a few pieces of charcoal, foj 
about twenty minutes. 

If lead is present, it will be reduced to this well known metal, 
its purity can be ascertained by its flattening to a thin disk with- 
out fracturing the far-extended edges, and by its toughness when 
repeatedly bent across its middle. 

If still alloyed with antimony, it will break under such treat- 
ment, and it must be again subjected to the moderate heat of the 
fire for periods of about ten minutes, until it stands this test, 
when it can be weighed for metallic lead; and, by also deducting 
this from the original weight of ore, the quantity of sulphnret 
of antimony remains; which, being multiplied by 73 and divided 
by 100, will give the amount of metallic antimony contained in 
the ore. Sulphuret of antimony can be fused vi the natural 
flame of a candle or lamp to a black slag, whilst galena is thus 
infusible. 

If one only of these minerals is present, it will not be neces- 
sary to smelt it, but it can be weighed and calculated for metallic 
antimony as above, or by more directly multiplying it by the 
decimal .73, and for lead from its sulphuret, by — .865. 

It seldom occurs that the (white to yellow and brown) carbo- 
nate of lead (specific gravity, 6.47) accompanies the sulphurets 
of these minerals; but when it does, it may be distinctly seen on 
the top of the (somewhat similar specific gravities) lead and anti- 
mony, after concentration by water, and may bd known by its 
color; this must be entirely passed away before the lead-colored 
residues of sulphuret of lead and antimony are separated by 
fire, as nothing but grey sulphurets should be present. 

The fourth pile may be blue, and, if in quantity, will most prob- 
ably be the blue carbonate of copper. It may, however, be some 
of the other very rare minerals, found in small quantities, that 
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Jso exhibit this color, and must be tested for copper, as will 
loon be explained. 

The fifth pile is green, and is most likely to be, more particular- 
ly when generally disseminated within a ledge and above the 
!?ater-line, either green carbonate or silicate of copper ; the 
!ormer may be distinguished from the latter by friability, wax- 
like green, smoothness under the pestle, and by effervescing fu- 
riously and completely dissolving in nitric acid; the latter has a 
leas waxy, paler green, and more flinty surface, is much rougher 
finder the pestle, and but partially dissolves in this acid, leaving 
I silicious residue. 

As some other rare minerals are green, for absolute certainty, 
these must also be especially tested for copper. 

The sixth pile is composed of one or more of the ores varying 
from a metallic-lustred steel-gray tcv a dull and somewhat earthy 
dark gray or black, and may be gray sulphuret of copper; an 
argentiferous copper; an argentiferous, antimonial copper; a fer- 
ruginous, antimonial, argentiferous copper; an antimonial sul- 
phuret of silver; the gray sulphuret of silver; the black sulphuret 
of silver; or the black oxide of copper. 

The seventh pile is from red to reddish brown; as the arsenical 
cobalt (cobalt ochre); arsenical nickel (copper nickel); the red 
oxide of copper (the oxide of iron will have passed away in me- 
chanical suspension, as thick red water); sulphuret of mercurj^ 
(cinnabar) which bruises to carmine red; the light and dark red 
silver ores (ruby sUver); or the sulphuret of zinc, which bruises 
and scratches red. 

The eighth pile, that was taken from, or near to, the head 
of the washings, will vary in color and appearance from the 
lightest to the darkest resin, as some of the iron ores; tin oxide 
(its only profitable ore), which passes through all the shades of 
this well known substance; tungstate of iron (or wolfram), its 
^ost persistent but worthless companion, which closely resem- 
bles the dark . specimens of tin ore; its tenacity and specific 
gravity are too similar for separation by water, as it cannot J)e thus 
expelled, even after previous roasting and oxidation so that the 
oxide of iron may pass away as an impalpable powder mechani- 
cally suspended in the water in the manner of the other ores of 
iron, but it must be dissolved and separated, by acid treatment, 
after the rest of the minerals have been washed awa^ in water. 
13 
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Apart from Clystallization and specific gisTiiy, garnet dosel j 
resembles tin stone, as do some of the irons, manganese, and one 
▼arietj of hornblende; bat, excepting the preceding very rare 
instance of "wolfram/' tin can be recognized and isolated from 
the others, in a few minutes by roasting and water concentra- 
tions. Id the pulverized condition, the garnet (which it most 
resembles) had passed entirely away with hornblende in the 
water; the manganese occupied a lower position; and the other 
iron ores may be removed by roasting, fine crashing, and a repe- 
tition of the water process, when the redness of the water will 
expose the presence of oxidized iron. 

The ninth pile will be those earthy, friable minerals, without 
any resinous or metallic lustre, which range from white, through 
all the shades of greenish yellow, to rusty brown; such as the 
oxide of lead, carbonate of lead, carbonate of iron, and the 
carbonate and silicate of zinc. 

The first and second of these may be reduced with carbonate of 
soda, in the iron spoon, or on a piece of charcoal placed in the fire ; 
the third changes color in a hot fire, and after some time be- 
comes magnetic; the fourth and fifth, carbonates, effervesce, and 
are completely dissolved in muriatic acid; the silicate does not 
effervesce, is partially dissolved, and leaves quartz residue; whilst 
the two last, when placed in a hot fire, exhibit white fumes, 
which settle on iron or charcoal, and are known by being yellow 
when hot, and white when cold. 

The tenth, eleventh and twelfth piles may receive any metals 
that are present, as gold, platinum, copper, etc.; which may be 
known by their colors. In using this test for the metals the 
sample should be pulverized between stones. 

The thirteenth may receive such as vary in color from a strong 
metallic-lustred white to a similarly bright yellow, which will 
contain, when in quantity, the arseniuret or sulphuret^ of iron, 
which, on being heated, will either evolve the garlic smell 
of arsenic, or that of sulphur, and the residue will become mag- 
netic after sufficient roasting on charcoal, when quite cold. 

The chloride of silver, if in minute division and smidl quan- 
tity, will mostly pass away; but, should it remain, it can be 
tested by harshly rubbing a bright and wet copper cartridge 
therein ; if chloride or chloro-bromide of silver, it will whiten the 
copper with a silver coating, which can be also applied to the 
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unpulyerized chloride faces of the stone. Graphite will thus 
whiten copper or gold; but this can be rubbed off and is so 
different in color, having a bright, steel-like appearance, that it 
can scarcely occasion error. 

In all cases, the lighter gangues will have passed away in the 
water, and it will seldom occur that more than two or three of 
the useful minerals will be present, and they quite different to 
each other, or you so indifferent to some of them, that they 
need not interfere with the more straightforward examinations, 
for such as will really concern you. 

There is no very safe common-place test for silver, when in 
small or even paying quantities, as will be very plainly seen from 
the fact that one-thousandth part, or two pounds, scattered 
throughout a ton, will equal $37.70 in value. 

It occurs, too, in so many mineralized forms, that the best 
judges are often unable to even approximate its value without 
an actual assay. • If you have some chemically pure nitric acid, 
you can test silver, when in paying quantities, as follows: 

Take about one hundred grains of the pulverized ore, which 
mix with its volume of powdered charcoal, and roast during 
continual stirring with an iron or brass wire, for fifteen minutes, 
at a red heat, until the charcoal is all burnt, so as to decompose 
any chloride of silver that may be present (which is insoluble in 
acids); remove the roasted ore to a tea-cup, and pour about twice 
its volume of nitric acid thereon, and then warm over a coffee- 
pot of boiling water, for some twenty-five or thirty minutes. 
Remove it from this position, and after it is quite cold, well set- 
tled and clear, you can test this solution for silver by pouring a 
few drops of salt water therein, which renders it milky, or pre- 
cipitates a white chloride; as, also, by dipping a small piece of 
copper, as a strip from a rifle cartridge, in the original solution; 
if 8ilve» is present, the copper will be plated thereby. This 
roasting is imperative in all instances, as, even when the silver 
ore is in a soluble form, salt, or some soluble chloride, may be 
present in the vein, 'which, by immediately precipitating the sil- 
ver from the solution to an insoluble chloride, unless the sam- 
ples were rich, would falsify the result from this or any other 
<^ci<i test. (See the proof for chlorides thus precipitated, in the 
Alphabetical Chapter, under the head of Silver.) 
The double treatment of silver ores by ammonia and nitric 



196 THE explorers', miners' and 

aoid is too chemical and dangerously delicate for manipulation 
by amateurs. 

Copper can be very conveniently precipitated on iron, steel, or 
zinc from a similarly treated sample; a clean, bright knife-blade 
being a ready and extremely delicate test, which must, of course, 
be applied before the copper test is inserted for silver, as bein^ 
thus partially dissolved in the solution, it would otherwise shoiv 
a treacherous false coat of foreign copper. 

This method of water concentration is not directly valuable for 
the silver ores which are all too soft and friable, but it is indi- 
rectly useful, as it exposes the presence of such as are most likely 
to contain it and those which require an especial assay. 

The silver ores named in the sixth and seventh lists, when 
they are dark, or cut freely, as well as such having a suspicious 
stain of chloride, or the lead, and zinc ores, are always worthy 
of an actual assay. The facts that all of the ores of silver worked 
by miners are comparatively soft, varying from about 1 to 3 in 
the scale (quartz being 7, and common salt 2), should be remem- 
bered, as well as their not being of a very pale metallic lustre, as 
it wUl guide you to such as should be tested, and away from the 
minerals having a pale metallic lustre, which are not silver ores. 

This water treatment is thoroughly reliable for the assay of 
gold, platinum, and other metals, and oxide of tin, as described; 
as well as for the more tenacious ores of lead, antimony, cop- 
per, manganese, ziac, etc., from established mines of .such, when 
free from confused mixtures. 

For the actual assay of either of these by water, a quantity, 
varying Irom 10 to 2,000 grains, may be taken, and the residue 
of minerals or metals calculated by the rules laid down in Chapter 
III, Section III, on Water Treatment, and in the respective 
chapters on assaying each metal and mineral. 

A most important part of this system of examination is that 
of comparison for specific gravity, which may be suflSiciently 
illustrated by two examples; the first being that of yellow mica, 
which, when very thin, resembles gold leaf. If in doubt, you 
may become more positive by throwing some thin disks of gold 
in the test, when, on the repetition of the action of water, it will 
be seen that the supposed gold (of specific gravity from 16 to 20, 
as it is more or less alloyed), will take the concentrated upper 
•^'^dtion; whilst the mica (of a specific gravity of but 2.9) vrill 
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oscillate more freely in the current of water, and settle at the 
lo-wer end, or pass away over the margin under suitable inclina- 
tioo a.nd side-sway of the vessel, just as you may desire. 

Tlie second may be platinum (of from 16 to 19 specific gravity), 
or a sample of graphite (of 2.1 specific gravity), and the only lus- 
troixB white substance present; now this, as well as one kind of 
mica (the two-axed mica), are, like platinum and gold, insoluble 
in any one acid; and graphite further resembles platinum by its 
inf visibility in the ordinary blow-pipe flames; so that the acid 
and fire tests being inapplicable, this simple means is always at 
liand to separate and distinguish by greater stability or floatabil- 
ity, in the manner described. 

These are extreme cases to show the means by which the ordi- 
nary pulverized samples of iron pyrites or yellow copper may be 
sprinkled in the former; or galena, or sulphuret of antimony, in 
the latter; or any other minerals that you would test, by using 
tlie one as a comparison for the other as to their relative specific 
gravities, as tin oxide (of about 7) against manganese oxide (of 
about 4), etc., etc., being of similar colors, or having other close 
resemblance requiring additional collateral evidence. 

Two other important advantages from this preliminary water 
treatment, which should be now mentioned, are, that the gangues 
having been all separated and passed away, the confusions that 
would otherwise arise from their occasional interference with the 
more useful minerals' reactions, by their excessive annulling 
quantity, can no longer prevent direct tests being made: the 
parting of the desired minerals in heaps will also afford further 
means for examination, from their physical characteristics, which 
in some instances greatly assist the amateur in seeing which of 
two or more ponderous minerals may be seen with features 
that are, by other means, too similar; as those of lead and bis- 
muth, which deposit their yellow oxides on charcoal, both when 
hot and cold, but whose metals and minerals are so distinctly 
different in appearance, that you may see which is present by re- 
observing the washed sample whence they were taken; or, if a 
small quantity of lead ore is with that of zinc, it will still more 
plainly show itself under this water treatment, and prevent your 
being deceived, by the overcovering of yellow oxide of lead be- 
fore blast of flame, on what would, when alone, be changed on 
cooling, from yellow to the white of zinc; as also when tin and 



198 THE EXPLORERS*, MINERS* AND 

zinc are in company; or antimony and tin, etc., which are all so 
decidedly different in their mineral states, although similar in 
others, that it affords much more information on the subject than 
you can obtain from sources that are both beyond your kno\^ledge 
and the facilities of your camp. 

Copper may be detected, in all its combinations, in a very 
simple manner, by first roasting, then dissolving in acid and pre- 
cipitatiDg it, on iron or zinc, from its acid solutions, as described 
in the wet test for silver; or it may be moistened into a paste 
with hydro-chloric acid, and thrown into a fire, when, if copper 
is present, even in very small quantity, after the first intense 
blue fiame, caused from the chlorine, has disappeared, the char- 
acteristic and beautiful green flame of copper vdll follow. If you 
have no acid, take either of the pulverized samples supposed to 
contain copper, and after first roasting, to intimately mix and 
well knead it with its bulk of wet salt, and candle -grease (lard, 
mutton, beef, or any other fat), and thus prepared it may be cast 
into a bright fire, when the characteristic colors, first blue and 
then green, of chlorine and copper, will also appear. Some of 
the copper ores will show the green flame by fire alone, and 
others will not require the preliminary roasting before acid treat- 
ment. This is exhibited better in the night, as the colors are 
much more distinct during comparative darkness. 

If copper is present in the dark gray ores, it does not follow 
that silver is absent, as some of such carry this and other 
metals in constitutional forms, and they should be tested — or, 
more properly, assayed — ^for silver. 

It will be seen that the seventh pile can also be very easily 
tested for copper, as both the black and red oxides give these 
flames most readily, even without any artificial preparation. It 
may also contain cobalt, nickel, iron, mercury, the red silver 
ores, and sulphuret of zinc, which bruise from a light to dark 
red, both wet and dry. 

Cobalt may be known by being intimately mixed and fused 
with borax in an iron spoon, which produces an intense blue 
glass, that can be best examined by a lens, after pulverization. 

Nickel produces, with borax, in the same manner, a reddish 
brown glass; but, as manganese gives a too similar, light or 
dark amethyst, this sample should also be treated, in a cleai\iron 
SDoon, with carbonate of soda, when, if manganese produced 
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the amethyst or purple, with borax, it would also show its very 
characteristic bluish green glass, by this easily applied and valu- 
able collateral check. 

These colored flux tests must be performed in a hot and 
"Lear, open tire, so that complete fusion may be produced in the 
I lidst of a free current of air. 

Iron lias been already explained; but another means may be 
applied, in the absence of a magnet or chemicals. Boast in some 
open vessel, at a red heat, for two hours, and after increasing 
the beat towards the end, allow it to gradually cool down with 
lie fire itself, over night. Place this well roasted ore in an open 
saucer and just cover it with water; if iron is present, it will be 
xposed, in a day or two, by rusty water. 

Copper ores may be tested in a similar manner, by strong vin- 
egar, when the solutions will become bluish-green if allowed to 
remain for a few days. 

Mercury can be examined by placing an equal quantity of car- 
bonate of soda and the pulverized ore in a thin oil flask, and ap- 
plying the flame of a lamp underneath, when, if quicksilver is 
present, it will, after being thus reduced by the carbonate of 
soda, be volatilized to the upper part of the flask, and condense 
upon the cold glass in minute metallic globules, which can be 
scraped together by a bent wire or other smooth and clean rod, 
for better examination, by naked eye or magnifying glass. 

It may also be performed in an old gun or pistol-barrel, or 
even a clay smoking-pipe, by stopping its mouth, then firing up 
and driving out the fumes, to be then caught without the pipes, 
on a cold metallic substance; or, when it is treated with carbo- 
nate of soda^ by inserting a cold coin in the escaping fumes, it will 
be amalgamated thereby, which may be known by its mercurial 
brightness after it has been rubbed, as the oxides from the other 
volatile minerals and metals would be thus wiped away. 

The ruby silver of very similar appearance, should be tested, 
with its bulk of borax, in a small recess, of the charcoal, within 
a hot Are, for some ten minutes, and then removed and examined 
for metal. None of the other similarly colored minerals would 
produce a silver-white metal in this manner. 

Zinc can be also tested on a piece of coal, which would, if 
placed in an open Are, be soon oxidized, and, on removing the 
charcoal from the fire, it may be seen that the hot oxide of zinc 
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is yellow, and the cold oxide is white, when lead is absent, which 
will be thus known with great certainty by this method. 

Tin, after it has been roasted, can be best examined by water, 
as all of its associates are thus easily separated, from differ- 
ence of specific gravity, by roasting, pulverizing, and re-washing; 
excepting only the rare tungstate of iron (wolfram), when the 
concentrated sample must be washed with hydro- chloric acid, 
(which has no effect on tin oxide,) instead of water, as a last op- 
eration, so as to dissolve and remove this impurity. It is a sin- 
gular fact that the sulphurets of lead and antimony are not found 
in the profitable tin veins, at least in quantities sufficient to in- 
terfere with the concentration of tin ores; which is most fortu- 
nate, as the galena would, by its too similar specific gravity, ac- 
company the oxide of tin throughout all stages of water treat- 
ment, and both it and the sulphuret of antimony would so clog 
the furnace in the roasting, by their fusibility, that tedious acid 
treatments would have to be used for completing the process; 
the antimony can be very carefully separated by water, and after 
the residue has been dried, the bright lead-colored galena can 
also be either dissolved off in acid, or patiently extracted with 
the forceps from the resin-like tin. 

Tin oxide is most characteristic for its notoriously persistent 
resistance to any alteration, either from unffuxed red roasting, 
water, or even acid washings; as well as for having a resin-like 
appearance, varying from cream color to brown black, which has 
a peculiarly rough feel under the finger and pestle. Garnet 
(plentiful in this country) in all of these, closely resembles tin 
oxide, excepting that of specific gravUy, therefore the water treat- 
ment is most available, as — ^being about 4 against tin oxide of 7 
— by placing any bright mineral, from about 5 upward^ in its 
company on the concentrator, garnet can be passed over the 
inargin, and its want of gravity may thus, by comparison, be ex- 
posed, which is in itself an equally good test for tin. Garnet^ 
too, may be so easily obtained in a crystallized state, free from 
other substances, that its specific gravity (which is obtained by 
dividing its weight in the air by the difference of its weight in 
air and in water) will inform you that it is not tin. Tin decrep- 
itates slightly when in the stone, and garnet does not. \ 

For example, a stone that was supposed to be tin weighs in 

" 80.4 grains (or ounces, etc.), which, when suspended under 
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the scale pan by a very light thread, and a basin of water is care- 
fully raised, from beneath so that the stone shall be just covered 
I therein, it then weighs 60.3, the difference of these weights would 
I be 20.1, tlien *:i=4:: this specific gravity of 4 is insufficient for tin; 
I but it may be garnet. 

These facts evince that if any resin-like and heavy pulverized 
ore, after having been roasted and re-pulverized, still resists this 
water treatment, it must be the oxide of tin, or the tungstate of 
iron, or "both together, which hydro-chloric acid will finally set- 
tle, by dissolving the latter only. 

Tin crystallizes in square prisms, or octahedrons, whilst gar- 
net forms the dodecahedron and its modifications. 

For the assay of tin by water, take a hundred grains (or 
parts,) which concentrate, and weigh the residue, then multiply it 
by 78.4, and divide by 100, by removing the decimal point two 
figures to the left, for the actual quantity of pure metallic tin; 
or, which is the same thing, and more simple, move it in the 
multiplier thus: .784 from 78.4. For general average smelting 
returns, multiplying the weight of the residue by .72 will be 
nearer the realized quantity. 

This system is much enhanced for practical value from the 
facts of its being a comparative measure for the waste occasioned 
by water on the large scale, and, for the gold assay, it is a reli- 
able" test of what can be obtained, without roasting, by this 
miniature amalgamation with mercury. 

As stated in another part of this work, the expensive micro- 
scope is, for many reasons, not adapted for your practical pur- 
pose, and has only been particularly recommended by those un- 
acquainted with more studied and exacting modes, because they 
would absurdly prefer to jump over the real work, and follow 
this '^ royal road." 
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CHAPTEK VI. 



JEW METHODS, BY BLOW-PIPE, FOE THE DIRECT EXAMINATION OF MIN- 
ERALS, FOB THEIR USEFUL AND PROFITABLE ELEMENTS, AND FOB 
-SSAYINO; GOLD, SILVER, AND BASE METALS. 

The following safe, simple, and direct tests, have been devised 
»nd arranged for ordinary men, so that they may know what 
aaehil elements are present in minerals, without having to pon- 
der over and puzzle themselves with all the irregular and com- 
plicated random rounds of re-actions, in qualitative analysis; 
which can only be fully comprehended after years of close study 
and arduous practice. 

DIBBOT ANALYSIS FOB USEFUL ELEMENTS. 

Before entering on the following course of tests, it will be 
necessary that the practitioner should be acquainted with, and 
able to perform the various manipulations described in Chapter 
^, of Section III; as, how to produce the oxidizing and reducing 
^^mes, page 175; the discrimination on charcoal, pages 176 and 
^77; smelting with fluxes on charcoal, pages 180 and 181 ; exam- 
ination in forceps, page 182; discrimination by fluxes in the pla- 
tinum wire loop, pages 182, 183, and 184; the»uses of open, and 
close ended, glass tubes, over spirit lamp, at pages 185, and 186; 
and examination by smelting and water washing, for sijaall quan- 
tities of the metals. 

^e practically useful and profitable minerals worked by 
^^ers, are composed of the following elements : 

'Antimony, arsenic, barium, bisTmtih, chlorine, chromium, cobaU, 
^o^.r^ iron, lead, manganese, mercury, nickel, sulphur, tellurium, 
^^n and zinc; vnlh the lime and ma^gnesian, aluminous and quart- 
«>«e, rocks. 



204 THE EXPLOREBS', MINERS* AND 

Before commencing your tests, write these names upon slata 
or paper, and then proceed as follows: 

Thoroughly fuse some of the finely pulverized ore with caA 
bonate of soda, within the small terminal eye or loop of platinun 
wire, just before the point of the oxidizing flame; and notice the 
color of the glass. 

If the gUiss is pale yellow? Chromic acid is preserU, from som 
chronuUe ore. 

If the glass is bluish-green? It has been proditced by manga^ 
nese. 

If of a copper red? From copper redtwed by this flux. 

If of a lead colored enamel ? From redvjced lead. 

If not thus colored, erase chromium and manganese from you] 
list, and test for the remainder, by fusing in similar manner with 
borax before the oxidizing flame. 

If the glass is blue ? The metal is cobalt. 

If light bottle green ? Iron. 

If amethyst ? Manganese. (But this v}Ould not be present if ihe 
carbonate of soda failed to show it.) 

If of a reddish brown ? Nickel. 

If green? Chromium or copper. If -this color proceeds from 
copper, it may be reduced and destroyed by the yellow flame, but you 
have other tests for both. 

If neither color? Expunge copper, cobalt, iron, and nickel 
from the list. 

Plaxie a small piece of the mineral, of abovi the size of a grain of 
wheat, upon un-fluxed wUlow or pine charcoal, and subject ittoth^ 
oxidizing flame of the blowpipe, until an intense heai is produced^ 
which continue for about one minute. 

If there is no white, or yellow oxide, deposited on the coal, 
the specimen does not contain antimony, arsenic, bismuth, lead, 
tin, tellurium, or zinc, and those may also be erased from the 
list. See that this color is produced from the mineral and not 
from inferior coal. 
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Fuse this same sample for about two minutes, in the strongest heal 
f the rediLcing flame, and when cold it may be applied to the mag- 
etic needle^ as a collaterat test for iron. 

If you. "wish to examine for the rocks, do so now. 

Quartz^ scratches glass, before and after, strong ignition. 

lAme, 'would now dissolve, or slack in water. 

Baryta is very heavy for a rock-like mineral, and when mmst- 
*ned jiyilh hydrochloric acid, gives a green color before the oxidizing 
fiame. (The carbonate effervesces with strong acids and the sulphate 
iffbrds sulphur reaction on silver.) 

Magnesia and alumina, when moistened with a drop of the " solu- 
hon qfcobaU," and a>gain strongly heated upon charcoal, wiU re- 
pectively show their characteristic flesh, and blue, colors. 



.s*-- 



If a white oxide is seen on the charcoal, at some distance 
from the test sample, it will be from antimony, arsenic, or tellu- 
rium. 

Antimony, has a pleasant flower-like odor, arsenic, a disagreeable 
garlic stink; and the naked oxide of tellurium, wUl bum off, with a 
green flame, before that from the blowpipe.^ 

If the oxide on the charcoal, is white, and close to the test 
sample, it is produced from tin. 

If the oxide is yellow, when hot; and white, when cold; it is 
that of zinc. 

Thefvjsed oxide of tin when moistened with nUraie of cobalt, and 



*I have discoyered the following test, which is not only eaity in nse, but quite pretty and 
reliable. Dissolve a crystal of nitrate of silver in a small quantity of water, moisten a 
piece of white porous paper therewith, and dry it over a fire. Mix the suspected sample 
with twice its weight of carbonate of soda and fuse it upon charcoal to a clear slag. Wet 
a gmall and clean piece of this slag with water and place it upon the test paper for a few 
minutes. If arsenic is present this prepared paper will be very distinctly stained to a red- 
dish brown, which is more correctly exposed underneath the paper, where it shows only 
the chemical reaction, quite free from any mechanical debris. 

By this same mode of fusion with carbonate of soda and testing on porous paper thus 
soaked in nitrate of silver, chromic acid gives red, manganic acid black, and vanadic acid 
a yellow color. These test papers must be kept from the light. 
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re-heated before blowpipe, becomes of a greenish blue color/ whili 
the oxide of sine, when thus treated, changes to a bright green. 

If the oxide on the charcoal is yellow, it is either from lead oi 
bismuth. 

Smelt on charcoal with carbo^icUe of soda, and these minerals tcil* 
be thus reduced to mMals. Bismuth is very brittle, and lead veru 
ductile, under (he hammer. 

You have now thoroughly tested for all but chlorine, copper, 
mercury, and sulphur, and should mark off those absent. 

Copper. Copper would have colored the first bead of carbonai' 
of soda, bvi it may now be more effectually tested and reduced 
on charcoal, when fluxed with say, equal parts of carbonate of soda 
and sugar, to irregular nuggets of red metal. i 

It may be also detected in very small quantities after it has been 
roasted before flame, then moistened urith hydro-chloric acid, and\ 
re-flamed; as it first gives the blue flame, from the chlorine of the 
add, then finishes with the beautiful green color of copper. 

Chlorine. Fuse in the platinum wire a bead of microcosmic salt, 
with as much oxide of copper as it will absorb, then add the liquid 
or solid, to be tested, and place it into or before the flame; if chlo- i 
rine is present it will show its characteristic blue. 

Sulphur. Lay the first bead formed with carbonate of soda, or I 
any other of the slags from the smeUings wUh that fliix, on a rrtoisi' 
ened silver coin, and if the ore is a sulphuret, it will, by forming the 
soluble sulphate of soda, stain the bright silver, from brown to black 
according to the quantity of sulphur present, or time given for the 
discoloration.*^ 

Mercury. Place a small grain of the raw ore, on apiece ofgouL 
copper, brass, or silver, and impinge the flame from the blowpipe' 
iheremiyfor a few seconds, so that the heated current, beyond the /,•> 
sample, may pass close down upon the cold metal, when — if it be an 
ore of mercury — its fume will condense and amalgamate the surf act 



* Warming the Bllver coin greatly facilitatefl this test, for a very small qjjiantitj, by both 
increased affinity and concmtration of the watered sulphate. 
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^fihe metaly which can be more distinctly observed, after it has been 
rubbed with a wet finger. 

The meted may be again cleaned by warmth, which corroborates 
(his very efficient and practical test. 

Thus, the qualitative analysis of the profitable base mirerals 
may be readily and thoroughly completed, by men knowing 
nothing of minerals at sight, and the particular metal or metals 
found, may be then assayed for correct quantity, by either of the 
conTenient modes. 

The short abstract statement of operations for testing by the above 
mode, as given beneath, lYiay be more easily remembered. 

!• Test, with carbonate of soda :n platinum loop, for colored 
heads, from chromium, manganese, copper and lead. 

2. Test, in similar manner with borax, for colored beads, from 
chromimu, cobalt, copper, iron, and nickel; and also look for 
amethyst color, as collateral proof of manganese. 

3. Test, on charcoal, for iron, by the magnetic needle; for the 
oiides of antimony, arsenic, bismuth, lead, tin, tellurium, and 
zinc, by their color, etc., etc.; and for the rocks, of quartz by 
hardness, lime by its solubility, baryta by weight, and color of flame 
yy^dh hydrochloric axiid, and of magnesia and alumina by the flesh 
^'^d blue colors produced, in manner as for tin and zinc, by 
''nitrate of cobalt" solution. 

4. Test for copper, by actual reduction, and color of Us flame 
'^hen dissolved in hydrochloric acid; for chlorine, by a copper sat- 
iated bead of microcosmic ^alt, /rom i^ blue flame; for sulphur, 
^y fusion with carbonate of soda, and dissolving the mass on a 
silver coin, by its brown color; and for mercury, by hot blast to 
the sample when placed on a gold or copper coin and other suita- 
ble metals, from its amalgamation.*^ 



* Being the inyentor of the seyeral instnimezktB alluded to at page 162, 1 have only lllua- 
tfated the leading pair of patented appliances, the ** Wee Pet " and the •* LitUe Wonder," 
but the " Automatic Smelter," " Laboratory " and " Little Wonder " Combination, of coat 
pocket Bize, would be of immense benefit to workers by the methods of this chapter for 
testing and assaying. 



208 THE EXPLORERS*, MINERS' AND 

A NEW MODE FOR TEBTINO AND ASSAYING ALL OF THE SILVER ORES 

BY OOMMON BLOW-PIPS. 

There is no easily performed, quick and reliable test for low 
grade silver ores, or for gold in anlphuret of iron, or even smal 
quantities of free gold in quartz, short of the actual assay bi 
smelting and cupellation; so that any more ready means for ob 
taining such assays, without cumbrous and expensive furnaces 
will be of immense value for explorers, who may not be f uU^ 
educated in mineralogy. 

The assaying machine, described in this work, was especially 
contrived for the traveling purposes of prospectors; but its cosi 
prevents general use, and as the system followed in books, fo] 
the assaying of silver by the common blow-pipe, requires raucl 
skill and practice, I now give the far easier, and much bettei 
method, as performed by my pupils, which they have not onh 
more readily executed, but invariably preferred. 

(See Figure 24. The Little Wonder.) 

ASSAYING OF 8ILVEB 0BE8, BY COMMON BLOW-PIPE. 

1. Select, or cut to form, a cubical, or cylindrical piece of 
solid pine or willow charcoal, about one inch and a half in diam- 
eter, and bore or sink a round half -inch shaft, one inch deep, in 
the center of one of its facets; and then drill or drive a quainter- 
inch transverse blast-hole or tunnel, from one of its sides, to 
communicate therewith, so that the bottom of this tunnel shall 
enter, at a quarter-inch above the lowest part of the shaft. 

3. Take about ten grains of the sample, as carefully averaged 
by the method described at page 15l>, and after reducing it to an 
impalpable powder, weigh out two grains or 3.77 grains, by the 
S-shaped weight of the " Little Wonder," as explained by Fig- 
ure 24, for the assay, (which is nearly four times as much as can 
be treated by the old method.) 

3. Weigh thrice as much litharge, (a universal flux for all the 
matrices,) and intimately mix it with the ore. 

4. Cast or brush this mixture down to the bottom of the shaft, 
into the charcoal. 
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o. Weigh six times the S-shaped weight, of test lead, drop 
b on the previously fluxed ore, so that it may quite cover it, 
iBd still leave a small air passage from the tunnel to the shaft. 

It Avill be better to make a measure for these fluxes, by short- 
ming a small pistol cartridge; and one will answer for both lead 
Liid litharge, as the former is just twice as heavy as the latter. 

6. Trim your wick, fill the lamp with the best olive oil, and 
;ee that a superlatively good flame is produced. 

7. Now take the charcoal in your left hand, and after inclin- 
Bg tlie shaft towards the eye, and the tunnel to the vxlck, blow a 
■gentle blast over the wick so that the whole flame may pass at 
ibout 10° downwards from the blow-pipe into the tunnel, and 
thence through it and the shaft, for some two or three minutes. 

8. When the litharge fuses and waxes over the face of the 
sample, it is secure from all danger of loss, and your attention 
[Qust be devoted to producing the greatest possible heat, by 
proper strength of blast and distance from the wick. 

About ten minutes is generally sufficient for the completion of 
the smelting, but the novice will be longer. 

Those who cannot blow continuously, will find, that if towards 
the end of the process a piece of charcoal, about the size of a pea, 
is placed in the shaft, the radiation or loss of heat will be but 
Uttle during breathing time. 

It will be a great help in very stubborn ores to sway the lead 
button somewhat violently from side to side, so that it may break 
through and traverse the slag for the collection of stray buttons, 
and to also change the blast from the tunnel to the shaft. You 
need not fear blowing too long in such samples, as it will cause 
no waste of silver, and leave less to cupel. 

9. Allow the assay to get quite cold, cut out the slag and 
metal button, fold it in a piece of rag, place it on some hard sup- 
port, and hit it once or twice with a hammer, or hard stone, to 
clear the slag away, so that the button may be further solidified 
by hammering and then brushed quite clean for cupellation . 

10. Take the same or another piece of charcoal and scoop 
out with your knife, a ragged basin on one of its sides, about an 
inch in diameter and a half -inch deep, which ram full of fine 
moistened bone ash, and compress the sui'face to a suitable con- 
cave, with a base metal teaspoon or other properly shaped smooth 
instrument. Then slowly dry the ash, either by a fire, or at some 
four inches beyond the flame from the blow-pipe, 

14 
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1 1. When quite dry it may be held close to the flame froni 
blow-pipe, brought to a red heat, and the smelted button quickly 
placed thereon for refinement, by oxidation, as follows: 

12. Hold the supported metal in the hottest mixed flame 
from the blow-pipe until the metal is thoroughly fluid and almost 
white hot, then withdraw it a very little, so that the point of the 
blue oxidizing flame may nearly reach the front of the button. 
Oreat care must be taken at this stage of the process, to place 
the cupel at suitable distance, for although the flame must be 
kept for oxidizing, the heat should also be sufficient to keep the 
metal quite molten, whilst the bone ash absorbs the oxides of 
the base metals. Blowing alternately on the sides of the button, 
for about tweniy seconds, so as to thoroughly fuse the frozen 
oxide, greatly facilitates both the oxidation into air and infiltra- 
tion of litharge into the more intensely-heated porous ash. 

This operation requires considerable heat, and is perhaps the 
best way to study the effects produced by proper position of blow- 
pipe, strength of blast, and appropriate distance from the flame. 

A little practice will enable you to perform, in this manner, 
these operations of smelting and cupellation, for the assay noi 
being encumbered with massive cartridge and borax, but mixed 
with this fusible, heavy, compact flux, and thus enclosed, as if 
in an actual furnace, the smelting can be much better effected; 
whilst the oxidation can also be accomplished far easier by any 
one, on the charcoal, than when the bone ash is enclosed in the 
cold iron moulds so generally recommended in books. 

It must be confessed, that having so much respect for the old 
masters, I had implicitly followed this recommendation for many 
years, without any thought of its advantage or disadvantage, 
until I was suddenly impressed with the idea that the enclosing 
iron was not a ** reservoir of heat," as stated, but so much a res- 
ervoir of cold, that it was always difficult to keep the accumulat- 
ing oxide of lead from freezing upon the surface of the bone-asb. 

No expensive tools are required for this method. 

The modes for weighing and valuing are explained by Figure 
24, and Chap. VIII; but it may be added that valuations may be 
roughly made either by the red or white rider alone, although it 
is always better to use more than one, unless the button is so 
small that the blue rider commands it. 

"^n actual mining and milling, you can also employ two while 
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riders, the one to move for balance, whilst another or others may 
sit stiU upon the end of the lever as |100, $200, $300, &c., with 
the movable rider's amount simply added as, say $142, $242, $342, 
per ton, &c., &c. 

Do not touch the steel beam with anything that has been mag- 
netized, as it will, by transforming it into a dipping needle, sadly 
interfere with its balance. If it should occur, it may be rectified 
by warming the whole beam in the flame of an alcohol lamp. 

ASSAYING OP GOLD ^BY WATEB AND BLOW-PIPE. 

Take from the finely pulverized sample of quartz say 200 
grains, or 602.7 grains if you wish to dispense with calculation 
as explained under this heading, which carefully concentrate by 
water in the manner recommended in Chapter m, Section III; 
and you will generally find that the weight of the dried aurif- 
erous residue, will be less than the quantity required for this 
mode of assay. A little pure muriatic acid and sometimes roast- 
ing for sulphurets, may be often used to great advantage to pass 
away the base metals in solution, when the thus further reduced 
residue, after having been washed in water and dried, can be 
iluxed and assayed a^sjust described for silver ores. 

For methods of weighing and parting the buttons and valu- 
ing silver and gold assays, see Index, Fig. 24, and Foot-note.* 

This is one of the most useful applications of the wonderfully 
efficient little blow-pipe, as a careful operator, when thus aided 
by water concentration, can actually make an assay for gold; and 
just as correctly too as can be made by any other method. 

Those having doubt about the waste from water, may concen- 
trate the sample in a suitably shaped, wide-mouthed bottle, so 
that it may be so thoroughly wetted, that any loss by way of 
floatation, will be much less than by battery.f 



*In parting buttons containing gold and silyer by boiling nitric acid, it is Decessary that 
there shonld be at least three times as much silver as gold, and if not present it must be 
Added, after waghingt for this purpose of complete separation. See Index for other head- 
^ on this subject. 

tThls is also an admirable means for the collection of minute sponges of gold, after they 
have been parted from silver, in nitric acid; by thus carefully smelting on charcoal. 
With the fluxes of litharge and lead, and re-cupelling to a pure and round ball. 
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CHAPTER VII. 



AN AliPHABETIOALLT ARRANGED RECORD OF THE EFFECTS PRODUCED BT 
WATER AND FIRE, SOMETIMES FURTHER ASSISTED BT WATER AND 
CHEMICAL RE -AGENTS, ON THE MINERALS AND SUCH OF THEIR 
COMPOONDS, AS WILL BE PRACTICALLY USEFUL AND PROFITABLE TO 
THE EXPLORER, ASSAYER, MINER, AND METALLURGIST. 

In the discrimination of the minerals, it is sometimes veiy im- 
portant to ascertain, by comparison, their hardness; and the fol- 
lowing list of ordinary and well-known materials first selected by 
Mr Chapman as a comparative scale will be found most conve- 
nient for your purpose : 

1. Yields easily to the nail. 

2. Yields vrUh difficulty t) the nail, or merely receives an im- 
pression from it. Does not scratch copper. 

3. Scratches copper; and, being equaUy hard, is scratched by it. 

4. Not scratched by copper; does not scratch glass. 

5. Scratches glass with difficuMy, leaving its powder on it. 
Yields readily to the knife. 

6. Scratches glass easily. Yields vnth difficuUy to the knife. 

7. Does not yield to the knife. Yields with difficulty to the 
edge of a file. 

8. 9, 10. Harder than flint. 

The specific gravity is also very effective for discriminations of 
solid and homogeneous minerals which are otherwise most sim- 
ilar in color, texture, etc. ; and it may be ascertained in the fol- 
lowing manner: Take a piece of small strong thread about one 
foot long, which place in one scale pan, and balance the lever 
thereto, by putting small pieces of matches or some light sub- 
stance in the other pan. Weigh the stone to be tested, which 
we will call 2.25 ounces; next take the stone, and fasten it by a 
suitably knotted loop to the middle of the previously balanced 
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thread, and suspend it beneath the same scale pan from which 
the thread was taken, by knotting it oyer the top of the pan; 
and after re-weighing the stone, to see that no difference has been 
caused by jostling, etc., raise a basin or glass, that has been 
nearly filled with water, until the stone is just completely im- 
mersed in this water; after particularly assuring yourself that all 
the air globules have left the stone, place in this pan sufficient 
weights to return the scale beam to balance as before, being care- 
ful to notice that the stone is still slightly submerged. Now, 
supposing that .72 had been required to thus reproduce the bal- 
ance, the specific gravity of the stone would be found by merely 
dividing the larger real weight of 2.25 in the one pan by the 
smaUer re-balancing weight of .72 in the other pan; or the greater 
divided by the lesser: ':S=3.126 the required specific gravity; or, 
in other words, " The specific gravity is ascertained by dividing 
the weight of a substance in air by the difference of its weight in 
air and in water." 

For the reasons that much more extended study than gen- 
erally prevails would be required for beneficial discrimination, 
and that the profitable minerals worked by the miner are either 
mixed, massive, or imperfectly crystallized, I have relied on spe- 
cific gravity and crystallography as little as possible, and then 
only where the form is known to be pure, or is generally well 
marked, and easily understood. (See also Chapters III, IV, V 
and Vly Section III, for various manipulations and modes.) 

^ ALBITB (soda FBLDSPAB). 

This mineral is sometimes found in place of the common 
potash feldspar, in the granite rocks. ' 

It is more generally distributed in North America than else- 
where. It is very similar to common feldspar in hardness and 
appearance (excepting its crystal form, which is that of the mod- 
ified oblique rhomboidal prism); it is, however, generally of a 
more tabular fracture and glassy whiteness. 

It may be more promptly and decidedly recognized and dis- 
tinguished from the common feldspar, before the purely blue 
fiame from blow-pipe, which is changed to yellow from the 
presence of soda. 

The other spars of this family are of more interest to scientific 
men than practical miners. 
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ALUIONA. 

This mineral is the chief component of fire clays. It may be 
ietected when quite dry, with great facility, by applying it, for 
i)ut a moment, to the tip of the tongue, and as suddenly with- 
Irawing it; if alumina is present in practical quantity, the sam- 
ple stone will reveal its characteristic desire for moisture by 
idhering to the tongue. 

Clays are generally white, dirty white, yellow, or pink, but 
sometimes from red to brown, depending on the coloring mat- 
ters which may be present. 

As dry chalk (a somewhat porous carbonate of lime, but, 
I believe, not found in America) resembles it in many of 
these colors, as well as by slight adhesiveness, it should be also 
tested by fire or acids. Chalk (like the other carbonates of 
Ume), after it has been burned in a strong fire for some twenty 
minutes, or before the blow-pipe's flame for two minutes, be- 
comes caustic, and slacks in water; it also effervesces when 
moistened by any strong acid; a good clay stone is not affected 
by either, and thereby they may be distinguished. 

A more delicate test for alumina, either when free, or after it 
has been separated from metallic minerals, in the manner de- 
scribed in a former chapter on the Discrimination of Minerals by 
Water, is that performed on charcoal, before the tip of the blue 
flame and moistened with nitrate of cobalt solution, which then 
gives a characteristic, pale blue color, after the pulverized mass 
has been again strongly heated in this flame, when the sample 
becomes quite cold. Pulverize this resultant stone and the 
smaller, freshly broken grains, will expose the color much better. 

ANTIMONY. 

This metal is obtained from its sulphuret, which is very plen- 
tiful throughout the Pacific States and Territories. It somewhat 
resembles fine-grained galena, being of a bright metallic lustre, 
with a lead-gray streak and powder, composed of antimony 73, 
sulphur 27; hardness 2; specific gravity, when pure, from 4.5 to 
4.6, so that, as galena (the sulphuret of lead) is from 7.5 to 7.7, 
it takes a correspondingly lower position, in water treatment, on 
the concentrator. When one or both are present, the well-known 
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yellow sulphuret of iron (iron pyrites), of from 4.8 to 5.1, or 
white arsenical iron pyrites, of 6.3, will serve to show, by com- 
parative positions, the presence of either, or both, on its upper 
and lower sides, when they are not too intimately combined. 
This is an ever ready and good practical test, when others fail to 
inform you with sufficient certainty. 

It also fuses very easily, even in the natural flame of a candle; 
and before the blow-pipe, upon charcoal, to a black, waxy slag, 
from which its Yolvminous white oxide arises for some time after 
the flame has ceased to play thereon, it also deposits on the 
charcoal at about three-fourths of an inch from the slag. These 
fumes are somewhat fragrant and may smell of sulphur, but must 
not afford the garlic stink peculiar to arsenic, which also giyes 
out a white oxide, but does not fuse to the waxy slag. 

Sulphuret of antimony may also' be melted over a lamp, or 
fire, and even in an iron spoon, when the white oxide will ascend, 
coat the rim of the spoon, and smell as above. 

If lead is present, a partial alloy with antimony would be the 
result on charcoal with carbonate of soda, some of the antimonj 
would still arise as before and show the smoke of its white oxide, 
as it is much more volatile than lead, and this is not its reducing 
flux. The lead oxide is yellow. 

ABSENIO. 

Arsenic may be oxidized to white fumes, but less volumin- 
ously than antimony, which also whitens the charcoal and 
iron. Arsenic cannot be fused to metallic state on charcoal, nor 
can its ordinary ores be melted as those of antimony to a waij 
slag, but may be reduced to metal in a glass tube, with fluxes, 
by careful and perfectly close treatment. 

Its ores are all dissimilar to those of antimony, when water- 
washed; and emit a disagreeable garlic stink- if heated, in fire, 
before the blow-pipe's flame, in a glass tube, or any other man- 
ner; both of which are very characteristic differences. I hare 
used another very efficient and pretty little test, by first fusing 
the pulverized mineral with carbonate of soda upon charcoal 
and placing the moistened slag upon a previously prepared piece 
of porous paper that had been soaked in pure nitrate of silver 
and dried, as fully described in my new, direct method, for blow- 
pipe analysis. Chapter YI, Section III. 
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ASBESTUS. 

There are several varieties of this mineral, but that called 
common asbestus may sometimes be mined at a profit, as good 
samples realize from $15 to $45 per ton. 

It may be known by specific gravity of 3. peculiarly fibrous or 
wood-like structure, and cotton or silk-like lustre, varying in 
color from pale green to white. It stands the ordinary heat of 
fires, Yyvi small pieces or fibres may be fused by blow-pipe to a 
grayish enamel. Garments made from such material are cleaned 
by £re. 

It has generally been found in steatitic rocks, and it is chiefly 
composed of silica 56, magnesia 27, lime 14, iron 6, and alum- 
ina 2. It forms in needles, more or less aggregated, and I have a 
very curious and valuable specimen that has actually crystallized, 
or in a manner vegetated in separate acicular stalks, from the 
surface of a stone of steatite and cinnabar, during its rest upon 
the shelf of my laboratory.* 

Asbestus is used for fire-proof clothing, and to mix with other 
fire-resisting materials in general manufactures. 

BABYTBS. 

This mineral bears the common name of heavy spar, and has 
been mostly extracted for the adulteration of white lead paint, 
where labor is low, but is of little value to the American miner. 

It 'may be distinguished from other spars by specific gravity, 
and from heavy metal-yielding minerals, by not producing metal 
when smelted on charcoal with flux. 

It is mined in two conditions, as carbonate and sulphate; 
the former will efifervesce, like all carbonates, in any strong acid; 
and a good test for the latter, is that for sulphur on silver given 
under the sulphur heading of this chapter. 

To prove the presence of barium you may concentrate a sample 
in water, then thoroughly roast for at least an hour to expel all 
the sulphur^ and dissolve the remainder in hydrochloric acid. If 
the solution is then quite clear (being free from sulphur), you 



* The component parts of asbestus seem to vary- greatly, by either differently constituted 
samples or accidental outside elements, as scarcely two samples agree in results, and the 
above must only serve as a rough approximation. 
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may test it by pouring in a drop or two of sulphurio acid, -which 
would render it milky for small quantity and curdy for a large 
quantity. The pure carbonate would not require roasting. 

The outer flame before blow-pipe is colored pale green by all 
barium ores, but be sure that copper is not present, which acts 
in yery similar manner. 

BISMUTH. 

The ores of bismuth are still more fusible than lead, and are 
easily reduced to metal in the yellow flame of the blow-pipe, 
when fluxed with carbonate of soda and supported by charcoal, 
to a reddish white metal, which is very brittle and not ductile 
like lead, under the hammer; so that a flattened batton breaks 
into small pieces, and thus distinguishes it from the very ductile 
lead, which also deposits a yellow oxide on charcoal. 

As the ores of bismuth are all different in color as well as spe- 
ciflc gravity, the method described in the chapter on Water Con- 
centSon^lasists to a high degree in the more certain and 
direct recognition of either. 

The mineral is, however, scarce, and seldom conflicts with 
those of lead. When bismuth is dissolved in nitric acid, a 
copious addition of water to this solution precipitates its white 
oxide. 

BORAX, BOBAOIO AOU), OB BORATES. 

Any profitably valuable sample of borax (biborate of soda and 
water) may be detected before the oxidizing flame, after dipping 
a small looped plalinum wire into strong sulphuric acid, and 
then dropping a small quantity of the pulverized substance sup- 
posed to contain biborate of soda (or any other boracic acid com- 
pound) thereon. After some five minutes have passed, for the 
partial solution of the substance, place it just before the point of 
the small blue flame, when, if boracic acid took any part in form- 
ing the mineral, the outside of the flame will be colored green. 

A still more exacting test is to dissolve in a saucer, or other 
suitable vessel, a thimbleful of the finely powdered borate sub- 
stance, in twice its volume of strong sulphuric acid, for ten mia- 
utes; and, after adding about thrice this volume of alcohol 
thereto, to stir well, and light the alcohol into flame, when, if 
boracic acid, or any borate, is present, the margin of the flame 
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be tingled green. I have thus exposed the presence of the 
^ne-thousandth part of borax. lb be certain that the borate is 
lai of soda (borax), you may also test for soda by color of flame, 

id mth cobalt in the platinum wire before the blow-pipe. 

Be sure that neither copper nor phosphorus is present, as they 
give similarlj colored flames. 

The water from a lake may be tested in the same manner, but 
with much less of the acid. 

As the only object of the alcohol is to provide the medium of 
flame, any safe inflammable liquid, which is in itself free from 
this color, will answer. 

CHALK. 

The blow-pipe flame, both on charcoal and in forceps, renders 
it lustrous, and, after some five minutes of this intense ignition, 
it affords a caustic lime-like taste and may be promptly slacked 
in water, like ordinary kiln-burned, commercial limestone. 

A stone, after being exposed for one hour in the greatest heat 
of a common fire, likewise becomes caustic, and slacks in water. 

It is of different colors, and always streaks, bruises, and marks 
accordingly, from being more friable than the other carbonates 
of lime, which, in common therewith, before ignition, effervesce 
in all strong acids, and act similarly, during and after, intense 
heat. (See lime and magnesia.) 

Aluminous clays also streak, and adhere to the tongue; but, 
under fire and acids, they act differently; for which see Alumina. 

OHLOBINE. 

When in combination, chlorine is most easily detected with 
the terminal eye of platinum wire, by fusing a glass from micro- 
cosmic salt (phosphate of soda and ammonia), and saturating this 
glass with copper, by dipping it in oxide of copper (or into min- 
eral copper, thoroughly oxidized before the blue flame and then 
fused in this flux), until this resulting glass shows a greenish 
blue, cold bead. This being obtained, dip it into the liquid or 
substance to be examined, and replace it beyond the flame's 
point, in the hot current of air; if chlorine is present, it will be 
indicated by a clear blue flame, which, though sometimes a mere 



J 
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border and bot transieiit, is ftlways disliiict. This bemg* also a^ 
teat for copper, ita green flame will follow. 

Chlorine gaa, liquid chlorine, chlorine water, hjdrochlorie 
acid, and all soluble chlorides, as common salt, sal ammoniac, 
etc., precipitate chlorides, when passed over, or into, the nitric 
acid solutions of silyer, lead, or mercury, uniting immediately 
therewith, into insoluble chlorides; which, being separated 
by water treatmeni from the acid, may be further distinguished by 
ammonia, in which chloride of silver is completely dissolved; 
that of mercury is thus oxidized black, whilst lead remains un- 
altered, by either the acid or ammonia. 

GOAL. 

All kinds of coal can be ignited before the blow-pipe, into 
flame, which continues for some time after the cessation of the 
blast; the flame is, however, more a measure of its gaseous than 
calorific quality, as some enduring anthracites give little flame, ] 
but supply a long-continued combustion, leaving a trifling residue 
of unconsumed ashes. 

In the bituminous coals, the more crystalline, brittle, and 
bright, the better the quality. 

The best parlor coals are generally the worst for steam engines, 
and vice versa. 

The lignites are distinguished from the true or older and 
better black coals by scratching and pulverizing brown. 

A good approximate and very quick test of its quality for 
household purposes may be made by carefully and gently flam- 
ing a one grain stone on charcoal, platinum foil, or a very thin 
sheet of iron, for a few minutes, and noting its quality of cum- 
bustion, diminished weight, and composition of its residue for 
stone, clinker or ashes. 

See the Methods of Examination for Practical Men, in Chapter 
V, for approximate value by iron spoon, in ordinary fire; and 
the chapter on the Actual Assay of Coal for Commercial Pur- 
poses. 

COBALT. 

Fuse a borax bead in platinum wire, before the blowpipe's 
flame; when this bead is cold and colorless, moisten it with water, 
and dip it into the pulverized sample of ore or substance to be 
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tested; interfuBe the ore and ftux, before the oxidizing flame, to 
perfect fluidity; if a -small quantity is present, it will show blue 
when hot and cold, in both oxidizing and reducing flames;- if a 
larger quantity is present, the color will be thereby increased to, 
from blue to bluish black.* 

If the glassy bead is too dark to be recognized, break and pul- 
verize it, when this and other characteristic dark colors, may be 
seen much better than by the method of flattening the hot bead 
with pliers (the much more difficult and less efficacious manip- 
ulation described by authors). 

It is, when reduced to metallic powder, magnetic, as iron and 
nickel are; but this blue bead with borax, together with its prompt 
oxidation, and difficult reductioj) to bright metal, distinguishes 
it most certainly from them. 

When dissolved in nitric acid, it has from a pink to a port 
wine color, which is varied in shade by the quantity present. 

COPPEB. 

The only red metal. A very delicate test for it, in all its min- 
eral combinations and metallic alloys, is to heat a small piece of 
the sample, between the platinum tips of the forceps, before the 
blue flame for one minute; then moisten it with a drop of hydro- 
chloric acid (muriatic), and after a few seconds for the acid's 
action, to re-apply it before this flame; if copper is present in the 
alloy, liquid, or mineral, the blue flame from chlorine will flrst 
appear, and then the characteristic green from copper. 

First test the naked forceps in the flame, to know that no cop- 
per is produced from the relics of former trials; and also take 
particular care that the acid does not reach and extract the cop- 
per from the '' Garman silver" handle of forceps. 

It is a bad practice to make these testing handles vdth any 
metal or metallic alloy that may interfere with such tests. 

A powder may be best examined on the platinum wire, when 
moistened with this acid into a paste, and treated otherwise as 
above, or on charcoal, or in an open Are. 

If you have no acid, by simply dippiug the ignited and well- 
roasted red-hot sample into oil, a tallow candle, or any other fat, 

* In aU cases of colon of hot and cold beads, only blade heat is allnded to. 
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and re-flaming it, the green color f rgm copper can be more traa< 
eientlj but distinctly shown. 

To examine for copper in an open fire, pulverize abont onfil 
ounce of the ore, then intimately mix it with half its weig^ht of 
salt and one-fourth its weight of fat, into a somewhat moist mass^ 
and cast it into a clear, open fire; if copper is present in practi- 
cal quantity, the blue and green flames will be recognized. 

Or any copper ore may be known by being first roasted in an 
iron spoon, or on iron; and, secondly, again roasted with salt; 
and, thirdly, by being placed in a clean vessel, with sufficient 
warm water to just cover it, when, after some time, a green so- 
lution will expose its presence. 

The copper bead with borax is green, by the oxidizing flame, • 
like chromic acid, but the reducing flame Abstracts the color from 
copper only, by reduction to metal. 

THE COMHEBCIALLT VALDABLB ORES OF OOPPEB ABE THE YELLOW 
DOUBLE SULPHT7BET OF OOPPEB AND IBON, THE OBAT StJLPHUBETS, 
THE BLUE AND GBBEN OABBONATES, AND THE BLACK AND B£P 
OXIDES. 

1. The Yellow Sulphubet (Coppeb Ptbttes) — ^Is more univer- 
sally distributed than any other, and in the " true fissure veins" 
of Cornwall it is the prevailing copper ore, which has sustained 
the long-continued and enormous sales from that very small but 
exceedingly rich mining region. 

It varies in composition, but may be placed at about 34.6 of 
copper, 30.6 of iron, and 34.9 of sulphur. Specific gravity from 
4.16 to 4.3. Hardness from 3.5 to 4. It is generally of massive 
texture, and irregular, conchoidal fracture; of a color that varies 
from gold yellow to a tarnished, deep bronze yellow, with a thio 
oxidized surface coating of "peacock" ore, having iridescent 
mixtures of green, blue, and purple. These yellow and peacock 
hues distinguish it from the arseniuret and sulphurets of iron: 
it is also much softer than either; cuts crisply brittle, with less 
lustrous streak; takes a lower position under water treatment 
ihan gold; is dissolved by either of the single acids of aqua regia 
(nitric or muriatic), which gold resists, and does not look alike 
when viewed from all directions. It changes color before the 
flame of the blow-pipe, and thus promptly proves that it is not 
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gold; yields a button of copper when fused with borax on char- 
coal, which, being red, is as eminently characteristic. When 
dissolved in acid, it deposits copper on clean iron or zinc, also 
known by its red color. If fused on naked charcoal, before 
blow-pipe, it becomes magnetic from its iron, and gives the reac- 
tion when tested for sulphur, by any of the methods given under 
that heading, as well as the more general one for copper. 

2. The GniLv Sulphubbt of Copper — ^Varies from light meta'lic 
lead color to plumbago; cuts freely, but with less crispness than 
the yellow sulphuret. Its specific gravity is from 4.7 to 5.2. 
Hardness from 3 to 4. 

Its composition varies greatly, both as regards the number of 
elements, and their respective quantities. The copper generally 
runs about 38.42, more or less ratioed with the following: Arsenic, 
2.08; antimony, 25.27; iron, 1.52; sulphur, 25.03; silver, .83; 
zinc, 6.85. The arsenic, antimony, and zinc vary down to noth- 
ing; whilst the iron runs up to 7, and the silver sometimes ap- 
pears to replace the copper, to upwards of 30 per cent., and it is 
frequently associated with even still more numerous, outside 
luinerals, in a mechanical form. 

The general copper test will inform you of its presence, and 
an actual silver assay, or especial approximate tests, should be 
always made from all such soft gray ores, which almost invaria- 
bly contain it, in silver-bearing regions. 

The tests for the other minerals may be madias directed un- 
der their separate headings. 

3. The Blue Gabbonate op Coppbb. — ^The blue carbonate of 
copper is generally found in small quantity and merely stains 
the surface of stones; it is composed (from a careful analysis 
»iade by R. Phillips) of the oxide of copper, 69.08; carbonic 
acid, 25.46; and water, 5.46. Specific gravity, 3.5 to 3.77. 
Hardness, from 3 to 4. 

Its color is always of distinct, showy brightness, and varies 
from a somewhat deep blue to Prussian blue. In common with 
all carbonates, it effervesces in acids. It gives the general cop- 
per reactions, and when pulverized and mixed with salt, oil, and 
flour, will give the blue and green characteristic flames of chlorine 
and copper, when thrown into a hot fire. 
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4. Thb Gbbbn Cabbokatb of Coppeb (Malachite) — ^Is in evei] 
way, except color and composition, similarly detected. 

B. Phillips gives its composition, 72.2 oxide of copper, IS.l 
carbonic acid, 9.3 water. 

Color, bright, strong green, to bright, pale green. Specific 
gravity (when solid), 3.6 to 4. Hardness, 3.5 to 4. 

5. The Black Oxide of Coppeb — Like the carbonates, is inva 
riably found above the water-line. It has a soot-like appearance, 
is friable, somewhat unctuous, and, like the black sulphuret oi 
silver, soils the fingers. 

It is also frequently seen in the shallow portions of Comisb 
lodes, although more in indication than quantity. It is more 
easily discriminated than the other coppers, as all that is neces- 
sary is to moisten the tips of your finger and thumb, to rub this 
mineral thereon, and quickly apply the moistened powder to 
your lighted candle, so as to recognize the characteristic green 
fiame of copper. It is also most easily dissolved by acids and 
promptly reduced both by blow-pipe, and crucible. It will not 
stand the water treatments, by the small or large scale. 

6. The Bed Oxide of Coppeb — Is sometimes found in work- 
able quantity, but is generally associated with the shallow car- 
bonates, or ride a deeper development of gray ores. 

It may be easily detected by the foregoing methods; and being 
of simple and rich composition — copper 88.5, and oxygen 11.5— 
it can be as reaoily assayed. 

It will not stand against water-washings, without considerable 
wastage. Nitric acid gives a green solution with this ore, which 
deposits copper on iron or zinc when immersed therein, for a 
short time. Cinnabar, of carmine red, is insoluble, loses color, 
and freely volatilizes in fire. Bed silver ore shows no color with 
nitric acid, and precipitates plenteous white curds with salt. 
Bed ochre of iron gives no copper reactions, and remains as 
brick-red as ever after being strongly heated. (See silver, mer- 
cury and iron.) 

There are still some fifty other ores of copper, which partake, 
more of scientific interest, than practical value; as they are not 
found in sufficient quantities to pay for separate extraction. 
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FELDSPAR. 

There are four kinds of feldspar : common feldspar (orttioclase,) 
klbite, labradorite, and nepheline. They almost entirely com- 
pofie the porphyries, and are present in the yarious granites, as 
explained in Chapter I, Section I, in a crystallized condition, 
pehere they may be more adyantageously studied; as also in mixed 
iisintegrated aggregations, in fine-grained re-formed Azoic rocks, 
iescribed in Chapter 11, Section I; and also in lavas. The miner, 
act requiring a very close analysis of these spars beyond their 
(dsual recognition, I must save the considerable space that these 
would require for illustration, and refer the more inquisitive to 
bbose works that are particularly devoted for discrimination of 
a.11 the minerals. For the miner's purpose, common feldspar 
[potash feldspar) is most beneficial, which he can study, with 
the aid of a good glass, in the granite folds of the book of 
Nature, sufficiently well for the purpose of recognition, so that 
he may distinguish it by appearance and inferior hardness from 
its more glass-like associate, quartz. (See Albite, at page 214, 
this chapter; and the Composition of Primitive Granite, Sec- 
tion I, Chapter I, at pages 21, 22.) 

FLUOB SPAB. 

In many of the older formations, fluor spar accompanies the 
minerals of copper and lead; it crystallizes in tile cubical sys- 
tem, and varies in color from a watery white to yellow; from sky 
blue to greenish blue; and from pink to amethyst or dark 
purple, approaching to black. It is very brittle, does not scratch 
glass or crystallize, like quartz; and is not scratched by the nail. 
On being heated before the blow-pipe, or in any open fire, it 
may be seen to burst violently, with a ^ackling noise, into nu- 
merous pieces, with peculiarly phosphorescent lights, from blue 
to green as the mineral is composed, and which will continue for 
some time after tbey have escaped the fire. This last is a su- 
perior and ever ready test, as a stone can be cast, even in the 
sage-bush fire (which is better exhibited by night), and tested in 
a few minutes. 

This appearance, once seen, will never be forgotten. 

16 • 
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GOLD. 

The only yellow metal, and it iB found in the metallic state; or 
for practical purposes, it may be so considered. 

It is more or less alloyed with silver and copper, and its color 
and yalue will always vary accordingly. 

Pure gold is yellow, which color is unchanged by fire, or any 
one of the ordinary acids; it is howeyer easily dissolved in nitre- 
hydro-chloric acid (called ''aqua r^gia," which is composed of 
from two to four parts of hydro-chloric acid, added to one of 
nitric acid). 

It is much more ductile than any metallic alloy of similar color 
and appearance, and flattens under pressure to an almost unlim- 
ited size, without cracking its edges. When a supposed gold 
button is recupelled with lead, it should not lessen its weight 
but to a very slight degree, or base minerals will have been 
present. 

It is best known in the stone by always giving a steady yellow 
metallic lustre in all directions, or the same to the eye when the 
stone is turned round during observation, whether it is dry or 
wet. Other yellow minerals are lustrous in certain positions only, 
or vary in different directions, as they are more or less reflected 
from bright faces. 

In the absence of other tools, a very efficient and ready test 
may be extemporized by taking a transparent wine or whisky 
bottie for a concentrator, into which place 1,000 grains of finely 
pulverized quartz; after the botUe is half -filled with water, 
securely corked, and well shaken, to sink the float gold and 
arouse the debris, the dirty water may bg carefully poured away; 
repeat this half-filling, shaking, and pouring, until clear water 
passes out; next concentrate, by holding the bottle by the neck 
with the right hand, jus^ as you would a horn, and allow the 
greater part of the lighter pulp to pass towards you through 
the neck, during suitable side oscillation, so as to observe, by 
looking up through the glass, if any gold lies under the residue. 
(See the chapter on the Gold Assay, for greater quantitatiye 
accuracy, by extended manipulations.) 

In water treatment, it occupies the head, and resembles in 
aiipearance nothing closely but yellow copper, or mica; the 
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beaTier of these takes a lower position than gold, whilst the 
lighter may be washed entirely away; or yellow, bright brass 
chips, or spelter, which should not be there but by chance, and 
can be tested, by darkening, in fire, or may be thoroughly re- 
moved by acids. (See, also. Chapters III and Y, Section IH.) 

If you have any doubt about its being gold, after these trials, 
it is not gold.* 

ORAKITE. 

Granite proper is composed of quartz, feldspar, and mica; the 
last two only, are crystallized within the general mass of quartz. 

When near to the eye it has the tri-colored speckled or spotted 
appearance of these minerals, but its distant general average and 
most common color, varies from dirty white to gray. 

Many of the granites are sufficientiy hard to polish, and an 
unusual variety called red granite, is extremely beautiful: Pom- 
pey's pillar in Alexandria in Egypt is made from, one very com- 
pact stone f of pinkish red granite; and it is still just as perfect as 
\?hen first cut and polished. Syenite has hornblende in place of 
mica and is generally of a somewhat finer texture. 

It is called syenitic granite, and is the kind found in the United 
States of America. 

Examine each separate component part by the rules under 
their respective headings in this chapter, and refer back to page 
21, Chapter I, Section I, for more comprehensive description. 

GRAPHITE AND PLUMBAGO. 

Graphite is composed of carbon, with from about one to three 
per cent, of iron, which varies its color and metallic lustre from 
that of polished platinum, to a jdull lead gray. It is of a flaky 
appearance, easily scratched by the nail, perfectly infusible be- 
fore the natural blow-pipe flame, and insoluble in all acids. The 
darker kinds resemble the less frequent molybdenite (sulphuret 
of molybdenum) in appearance; but the latter is known by the 



*An exceUent practical detective for aU these similarly colored shining miLcral particles 
may be afforded with an agate or other clean pestle, by simply rubbing the wet residues 
from water conoentrationB ; as the minerdU will pnlverize to still smaUer grains, whilst 
Ou UtOe nuggttt of gold and all other dueUU mdaU, will continue to flatten out into larger 
and much more lustrous and conspicuous scales. 
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ralphnr test, lonnmiing its weight before flame, and by partiall; 
diBsolTing in nitrie add. Graphite is yery much like native 
amalgam, and, when nibbed by gold, this metal is whiiene< 
thereby as if amalgamated; this may be wiped off, bat canno 
be volatilized by the flame, like mercury. 

Plumbago contains a greater and variable amount of iron, not 
exceeding ten per cent. Its quality is governed by this propor 
tion, its freedom from earthy impurities, and more rigidly sub 
stantial homogeneous body. 

It marks as the lead pencil, the superior article being quicklj 
and completely erased by rubber; stands fire, without change ol 
form, lustre, color or weight; and is but very slightly affected hy 
acids. 

HOBVBLBNDE. 



This mineral is found, both crystallized and massive, as well as 
in syenitic granite; the homblendic slates; homblendic feldspar, 
which is the fine-grained rock called greenstone; and homblendic 
albite, a somewhat similar rock denominated diorite; as well 
as in numerous other more complicated rocks, that do not in any 
way concern the miner. It may be regarded as a silicate of 
lime and magnesia, but contains various mixtures: about fifty 
per cent, of silica, with magnesia, lime, alumina, the protoxidesi 
of iron and manganese, hydro-fiuoric acid and water, in conseca-i 
tively diminishing quantities. Here the iron, as in mica, dark<i 
ens the specimen. The chief difference is that mica containi 
potash, instead of lime and magnesia. 

You should become familiar with its general features, whe 
dissected and exposed by a knife and lens, as seen in the grani 
named syenite; and illustrate oxf charcoal, in the blow-pipe's ho 
test fiame, that hornblende fuses to a globule, that varies in col{ 
or from green to black; whilst mica, which may be taken fro 
granite proper, is thus not only infusible, but becomes opaqu 
and much whiter. Remember, also, that, though deavable, it 
harder, more horn-like and tough, as well as being non-elastii 
and less glassy than mica. 

Specific gravity from 8 to 8.4. Hardness fr^m 6 to 6. 






metallurgists' companion. 229 

These are sufficient tests for your purposes of mining. (See 
numerous authors on general compositions of all the diyendfied 
minerals, for other combinations.)^ 

IBON. 

Any mineral containing iron may be rendered magnetic by 
being placed upon charcoal within the reducing flame from the 
blow-pipe, for a few minutes. 

Por very delicate tests, it is best to take off the glass from a 
small pocket compass, and then, after securing the stone or slag 
in a cloven stick or some other non-magnetic forceps, it may be 
placed so as to almost touch the side of the needle. 

When the powdered sample is mixed with borax in the plati- 
num wire loop, and strongly heated upon charcoal within the 
reducing flame, it fuses to a bottle green bead. 

If other, more easily reduced, minerals are present, the re- 
ducing flame will prevent their oxidation. 

Iron differs from nickel, which is also rendered magnetic 
after fusion, by the borax bead of nickel being, instead of bottle- 
green, violet when hot, and reddish brown when cold. 

It differs from cobalt by not showing the blue color, as pro- 
duced by this mineral or metal, when fused with borax. 

The rust water test for iron, described in the chapter for 
Practical Men's Discrimination, may be used, when a violet to 
reddish brown from nickel and manganese or the blue bead of 
cobalt appears, to see if iron is present, and also the carbonate 
of soda test for manganese. 

Iron is difficult to reduce to metal, in a short time; whilst 
nickel and cobalt, with carbonate of soda, are easily and promptly 
reduced: the first to a white magnetic metal; the second to gray 
magnetic powder. Be careful that no iron has been abraded 
from an iron mortar; bruise in brass, or between stones, so as 
to avoid such a deceptive result. 



* In testing a sample for fusibility, yon should select a sharp-edged pieoe, no larger than 
a pin's head, and place it in a recess of the charcoal, harlng only Just sufficient sise to 
retain It in secure position. 

Hold the face of the coal almost square to nozzle of pipe, and then blow a clean concen- 
trated mioBture of the yellow and blue ilamesjupon the test, in such a manner as to distance 
snd steady strength of blast, that the greatest possible heat may be produced, and then 
patiently wait for a thorougl^ trial, before decision. 
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After faBion» it will be adyisable to pulyerize, so as to resort 
to the water treatment system, described at foot of pag^e 186. 
which will pass off the soluble chemical portions of the flux, as 
well as the lighter mechanical debris; when the resulting metals 
may be dried over a tea-kettle, and further examined by magnet 
or magnifying glass. 

ThX OOMMEBCIALLT YALUABLB OBES fob IBON ABE THB ABSENnTBET, 
CABBONATB, OHBOMATE, HBHATTTES, SULPHUBETS, AJU) THE liACINETIC 
yABDETIES. 

1. The Oabbonate of Ibom — ^Free from other carbonates^ is 
distinguished from the rest of the iron ores by nitric acid, which 
causes it to efferresce when in a pidyerized condition. It dis- 
solves slowly. It is, when pure, composed of protoxide of iron 
62.07, carbonic acid 37.93; but, as it is often mixed with man- 
ganese, lime, magnesia, and alumina, as well as mechanically 
associated with quartz, little reliance can be placed on these 
figures for practical purposes. 

Its specific gravity ranges from 3.6 to 3.85. Hardness from 3 
to 4.6. 

Generally massive and somewhat foliated, but at times crys- 
tallized in rhombohedrous and hexagonal prisms, occadozuJly 
with curved facets. Sometimes fouS in i^gul^ly blistered; 
curvilinear forms commonly called ''Kidney ore." Natural ap- 
pearance sparry, vitreous, colored from yellow to gray, or from 
reddish brown to brown, which changes by exposure to black, on 
its surface. The streak and powder of the black variety is 
brown; that of the others, as themselves. It attracts a very del- 
icate magnetic needle; blackens before the blow-pipe's flame; 
and, when intensely heated within its yellow flame, it becomes 
more magnetic, and is then attracted by an ordinary magnet. 

2. Chbomate of Ibon— 'May be distinguished from other iron 
ores by the emerald green color of its glass, when fused in wire, 
with borax, or phosphate of soda. This color is more easily ob- 
tained, and in both flames, by a very small quantity, than would 
be generally the case with iron which gives a bottle-green in the 
reduction fiame only; when in excessive quantity, the glass of 
iron is reddish brown. The iron bead in the platinum wire, being 
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again fused with a yexy small piece of tin, becomes copperas 
green; the chromium bead being unaltered by tin. By taking 
the same small quantity of any other iron ore tiban the sulphuret 
(which requires longer time), and fusing it in a similar manner 
with borax, the beads may be more readily distinguished, and 
the presence of any chromated ore be established with greater 
certainty, by comparison. 

Tungstate of iron also gives a green bead with borax, and it 
will be safer to have collateral proof by fusing with microcosmic 
salt, to see if the red bead is thus obtained from tungstic acid. 
See Tvingstate of iron and Foot note at page 205. 

"When any chromic ore is mixed with about equal parts of car- 
bonate of soda and nitre, and fused, either on clean iron or plat- 
inum foil, over the clear flame of any lamp, further intensified by 
upward blast of blow-pipe, a very small quantity can be detected 
by its forming an effervescing sulphur-yellow mass, both when 
hot and cold. 

This may also be performed in an iron or platinum wire, be- 
fore the blow-pipe's clear flame. 
These colors are best compared after coarse pulverization. 
If you have no better convenience, a piece of clean iron may 
be warmed in a hot fire to bright redness, and the intimate 
mixture of fiux and ore sprinkled thereon, when, if it be a chro- 
mate, this yellow mass will as certainly follow. 

A piece of small hoop iron, or crinoline steel, of about two feet 
long, may be conveniently used, by first dipping one end in 
water, then into the pulverized sample, intimately' mixed with 
fluxes, and, after warming it to bright red in the fire, the color 
may be recognized, either at sight or when pulverized. This 
may also be performed on bone-ash cupel, before blow-pipe, or 
in a clear, hot fire; green patches may appear around the margin 
of the fused mass, where the soda has probably combined with 
the phosphorus from the phosphate of lime, and also produced 
the reaction of the phosphate of soda bead, as before explained. 
The addition of nitre to carbonate of soda, although wonder- 
fully effective for intensifying and creating a color where none 
would otherwise appear, when only a minute quantity is present, 
is not necessary for detecting the practically valuable ores, which 
the carbonate of soda would sufficiently expose. Long firing is 
required to destroy this yellow color. • 
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It physioally reaembleB some of the reddish brown or black 
hematite ores, excepting that it shows silky facets, which are also 
frequently conchoidal, and of a more earttiy transverse fracture. 
When pure, it is unaffected in color before blow-pipe or in tube, 
but becomes magnetic. It is nearly always associated with lime, 
magnesia, or alumina. Specific gravity from 4.3 to 4.6. Hard- 
ness said to be 5.5. I have a fine sample now before me, which 
is not so heavy, being but 3.9^ probably cellular; and its hard- 
ness does not exceed, in the fractured parts, 45. CompoBition 
irregular; generally contains about fifty per cent, of oxide of 
chromium, and thirty-five of the peroxide of iron; the remainder 
variously composed of lime, magnesia, and alumina. 

Chromate of potash may be formed by fusing this mineral in 
a crucible, with caustic potash. This, dissolved in a small quan- 
tity of water, and filtered, is a mutual test for lead and itself, in 
acid solutions; which may be sometimes resorted to for positive 
proof of its presence.* 

3. HsMATrrE Ibon Obe — Is from a red to a brown color, 
approaching to black on the faces of fracture, but not exposing 
much appearance of crystallization; scratches and bruises to a 
red powder, which, being veiy friable and somewhat unctuous, 
stains the fingers, and forms a red mechanical solution with wa- 
ter, that favors to a remarkable degree its separation from tin 
ores, with ^hich it is frequently associated in Cornwall; and 
where it forms red rivers, which reach into and color the sea, for 
miles in extent. 

Specific gravity from 3.5 to 4. Hardness, maximum, 5.5, 
varying downwards to as low as 3, according to the extent of 
disintegration, decomposition, etc. These ores generally pro- 
duce about sixty per cent, of cast iron, and as high as sixty-four 
has been obtained, depending on gangue, etc. Blackens and 
becomes magnetic before the blow-pipe; does not effervesce in 
acids, as the carbonate; pulverizes to an impalpable red powder, 
which may be all passed away in suspension by water both before 
and after ignition, and gives, when enclosed in platinum wire 

* I see no reason why the eomimfercidU^ valuable eknmaUt cannot be made ttom these ores 
In the dUBmnt dletrlela of Califonla, as this mineral ia found ia many plaoes, where fael 
is abnndsnt, and ijfe piooeaa of manaf aotnre is not dii&oalt. Bee second volnme on Mining 

->4 Hetallorgy. 
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with 1)oraz, in the yellow flame of the blow-pipe, a bottle-green 
glass; not the emerald greens of the chromate and tungstate of 
irony laat described. 

It yields constitational water, when heated in a close or open 
test tube, aboTC the boiling point of water, to low redness. This 
most not be confounded with mechanical moisture; and there- 
fore it should first be well dried in a dean basin, placed as a lid 
over a tea-kettle, or coffee-pot with boiling water (if you have 
nothing better). See Water in this chapter. 

4. Magnetic Ibon Obe (Natiyb Magnet) — Is sufficiently 
characterized by its singularly inherent or naturally magnetic 
and polar powers, and by being iron-like black, in bulk, streak 
or powder. 

It is a fine smelting ore, and is yery generally found in large 
quantities throughout the world, in nearly all formations. 

5. Magnetio Ibon Ptbttes (Sulfhubbt or Ibon). — It varies 
from yellow to copper and flesh color, and is generally found 
massiye. 

Composed of iron 60.5, and sulphur 39.5. 

Large quantities of the darker yarieties were taken from the 
Oreat Onslow Consols Mine, Cornwall, which often puzzled the 
miners, who were unaccustomed to separating it from copper by 
the light of the candle, before it was drawn to the surface. It 
tarnished by exposure so as to closely resemble the purple 
ores of copper, which, howeyer, might have been facilitated by 
the presence of a natural solution of copper, that was so strong 
as to be profitably treated at the surface, by precipitation on 
metallic iron. 

It cuts more freely with the knife than common iron pyrites, 
its hardness being from 3.2 to 4.4, and specific grayity from 4.4 
to 4.6. It attracts the magnetic needle slightly, and fuses when 
completely enclosed by the yellow (reduction) flame, to a black 
globule, which is strongly attracted by the magnet: after it has 
been yery much heated before the blue, oxidizing flame, it bruises 
yery freely as red oxide of iron. 

6. Common Ibon Pybttes (Bi-Sulphubet of Ibon) — Is of yellow 
color and metallic lustre, in mass and in powder; crystallizes 
generally in cubes, its modifications, and deriyati^ shapes; but 
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sometimeB it takes the place of other mmerals' yaoated forms, by 
filling SQoh cavities; and also yeiy irregularly massiTe or speckled 
through quartz veins, etc., etc. 

Composed of 46.7 per cent of iron, and 53.3 of sulphur; its 
specific gravity is from 4.8 to 5.1, which alone distinguishes it 
from the magnetic variety; its hardness is from 6 to 6.5. It 
strikes fire with steel, and scratches glass freely, which the mag- 
netic iron pyrites will not do; and common iron pyrites veill not 
affect the magnetic needle. It gives the various reactions for 
sulphur, and, heated before the blow-pipe on charcoal, it vola- 
tilizes sidphur, recognized by its smell; it affords a mass, or, 
if in very small quantity, under a perfect reducing flame, a black 
globule, which attracts the magnetic needle. 

The sulphurets of iron are profitably worked for gold (which 
in all gold quartz regions, they invariably contain); in some cheap 
labor districts they also provide sulphur, by forming sulphate of 
iron, sulphuric acid, sulphur, etc. 

7. Absenigal Ibon Ptbttes. — ^The Practical Analysis of Dr. 
Thomson, alluded to in the Elementary Treatise on Milieralogji 
by William Phillips (to which work I am indebted for manj 
others), gives 33.98 of iron, 45.74 of arsenic, and 19 of sulphur; 
the theoretical quantity being 33.57 iron, 45.53 arsenic, and 19.9 
of sulphur. Specific gravity 5.7 to 6.3. Hardness 5.5 to 6. 

It crystallizes in variously modified rhombic prisms, which, in 
practice, are seldom seen to further advantage than to show that 
the sharp angles are mostiy turned outwards, forming aggregated 
groups which are very different to the sulphurets of iron. It is 
nearly white, unless tarnished to light yellow; of very bright 
metallic lustre, which, connected with its hardness, scratching 
glass, striking fire with steel, and garlic stink; separate it from 
the minerals that would otherwise too closely resemble it. 

A small piece may be rendered magnetic by being placed on 
charcoal, and enclosed for some time in a steady and very hot re- 
ducing flame. 

8. TuNGSTATE OP Ibon (Wolpbam). — ^Although of no commer- 
cial value, this obtrusive mineral is often a source of much an- 
noyance to the tin miner; for, being non-volatile and of similar 
friability and weight, fire, pulverization and water, fail to effect 
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its Beporation : and, as the smelter requireB the pure tin oxide 
the millTnATi has to rid it from this stubborn gangue by actually 
dissolving it in hydro-chlorio acid. 

It is composed of 74.66 of tungstic acid, 17.59 protoxide of 
iron, 5.64 protoxide of manganese, and 2.1 of silica, from a com- 
paraidTely pure specimen, as analyzed by Berzelius ; the silica 
being probably accidental. Specific gremtj from 7.1 to 7.4. 
Hardness from 5 to 5.5. Its color varies from dark brown to 
black; the freshly fractured faces are always lighter, and the 
streak reddish brown. 

Being of higher specific gravity, less volatility and friability, 
than any mineral which it resembles in color and general appear- 
ance, excepting tin, it may generally be recognized and separated 
by the water and roasting treatments; and when thus associated 
with tin it can be readily parted by being then dissolved in hydro- 
chlorio (muriatic) acid, and rewashed away. Tin oxide is insol- 
uble in all adds. 

It is found both massive and crystallized in rectangular prisms; 
whilst tin is mostly in quadrangular prisms, which are termina- 
ted by tour-sided pyramids. It is readily fused with borax, 
yielding a green bead, which neither acts on the magnet, nor 
produces white oxide and metallic tia. Differing from most 
iron ores, it decrepitates like tin. With microcosmic salt, it 
yields a red bead. The most certain test is that of acid for the 
tin miner's guarantee against error, and for ascertaining the ac- 
tual quantity of each mineral present, by difference of insoluble 
residue of tin oxide and total combined weight. 

ITAOOLUMITE. 

A quartzose rock which is more or less laminated by mica, and 
sometimes so regularly parallel that it forms into a cleavable 
and flexible sandstone. It was named from the Brazilian moun- 
tain, '^ Itacolumi." It is a noteworthy faet that diamonds and 
other precious stones have been found in similar rocks, there and 
elsewhere; but the universal necessity for such has not been suf- 
ficiently well establishe|d for any very reliable, or general rule. 

The micaceous quartz, rocks are very rare, and I have never 
seen any, in all my journeys for examination throughout the 
United States of America. 



I 
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British OolambiA has a somewhat Bixnilar rock, in two distant 
districts, at Howe Sound and near Yale, where large soales or 
crystals of mica are deposited at Tarying angles in the quartz. 

KAOLIN. 

A peculiar clay, composed of silica, alumina, peroxide of iron, 
and water. It has been most successfully used by the Chinese, 
in the manufacture of the porcelain called *' china," in which 
they have, from superior sldll, better natural material and most 
excellent fire-proof colors, not only preceded, but surpassed all 
nations. 

It is chiefly foimd in the hollows, lying on the flanks of gran- 
ite hills, being the resultant residue from the washings of this 
rock, after natural decomposition and disintegration haye released 
the potash and passed it away in water. 

It is still found in greater abundance, and of better natural 
quality, in China, than elsewhere. Cornwall, France, and Sax- 
ony, are the principal European sources. It is found in seyeral 
parts of Cornwall, of white, yellow and pink colors, *and this 
kind of mining has recenUy become an extensiye and somewhat 
profitable business. 

The mode of extraction and preparation for the market is very 
simple, and consists of shoyelling and^stirring the broken masses 
in water, until the impalpable kaolin debris is suspended therein; 
it is then conducted into seyeral suitably formed catch reseryoirs, 
provided with flushets for shutting off the water when each pit 
is full, so that the clay may settle to the bottom; which operation 
is repeated, after the clear water has passed away, until the white 
mud becomes some six inches deep; when, after it is sufficientlj 
dry, it is cut into cubes, further dried for the market by the sum- 
mer's sun, and placed under sheds, to be shipped when conyen- 
ient to the distant market. 

As it is also the base of fire-resisting bricks, a yery hot fire will' 
to some extent, proye its quality. (See, also, Alumina.) 

LEAD. 

All the lead ores can be reduced, eyen on unfluxed charcoal; 
but much more readily with equal weight of carbonate of soda. 
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It deposits oxide upon the coal at. about a half-inch from the 
test saznple, "which is orange-yellow when hot, and sulphur-yel- 
low wlien cold. Bismuth deposits a very similar oxide, so that 
they are better known from the physical characters of their min- 
erals and metals. Metallic lead is easily recognized by its well 
known color, manner of fusion, rainbow streaks when in fluidity 
before the oxidizing flame, the crystallization and color of its 
oxide on the ash, by its flattening to a yeiy thin disk without 
fracturing the edges, and its toughness when cut or repeatedly 
bent. Metallic bismuth is brittle. 

Liead may be dissolved in strong vinegar, or by dilute boiling 
nitric acid, (say water 1, acid 1;) and, when in these solutions, it 
is precipitated by dilute sulphuric acid as sulphi&te, or hydro- 
chloric acid to chloride, and the latter cannot be dissolved or 
changed in any way by ammonia. These wet tests are entirely 
different to bismuth, mercury and silver; which see. 

The minerals of lead, (both galena and the carbonate,) are also 
very different in color and appearance, under water treatment, 
to those^ of bismuth, which differences will greatly aid you in 
discriminating what are otherwise similar. 

This alkaline earth may be recognized, in all of its commer- 
cially valuable compounds, as follows: 

First ascertain, by applying the blow-pipe's flame to a small 
piece, not larger than a pin's head, that it becomes unusually 
luminous on its sharp edges; that the flame is transiently bor- 
dered by pink (which may be shown more distinctly when moist- 
ened by hydro-chloric acid,) and if it is infusible, for these are 
some of its qualities; and if it has« after having been subjected 
to strong heat, the peculiar caustic taste and slacks in water like 
the burnt lime of commerce. 

It differs from quartz, and all the flinty compounds, by being 
perfectly infusible with carbonate of soda, when subjected to in- 
tense heat on charcoal; the soda passes into the coal, and leaves 
the lime as perfectly shaped as before upon the surface; whilst 
quartz, and all the varieties of silicious stones, would be fused 
thereby to glass beads. The carbonate of magnesia is also thus 
infusible, becomes luminous, and caustic, but lacks this pink 
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colored flame, does not slack in water, and gives brownish pink' 
when strongly heated on charcoal with nitrate of cobalt solution. 
Lime and all other carbonates effervesce in strong acids. lame 
sulphate may be detected by the test for sulphnr, as well as by 
its peculiar action before heat, of immediately swelling to a flour- 
like white, and then crumbling into *^ Plaster Paris." (See 
Chapters IV , Y and YI, on examinations by blow-pipe and ordi- 
nary testings, for practical men.) If you suspect that it may 
contain both lime and magnesia, test for magnesia. Quartz 
scratches glass; these do not. 

ICAOHBSIA. 

The best test for magnesia, when free from metallic oxides, 
(and, if it is not so, avail yourself of the watw methods, fully 
described in Chapter HI, for separation,) is that of first roasting 
the sample on charcoal, before the blow-pipe's blue flame, then 
moistening it with a drop of the nitrate of cobalt solution, and 
re-flaming at intense heat for a short time; after which, if mag- 
nesia is present, a brownish pink or flesh color will be the result, 
when the powder or stone becomes quite cold. Take particular 
notice that the sample was not thus colored^by heat alone, after 
the first ignition, and that this change was really produced by 
the solution. 

It is, like lime, in being infusible before the blow-pipe on 
charcoal, both urUh or without carbonate of soda, and its hard 
kinds are thus distinguished from quartz and all flinty stones, 
which, though infusible when alone, are quite fusible with car- 
bonate of soda; so that, if a small piece of the former is mixed 
with carbonate of soda, and intensely heated on charcoal, the 
soda will sink into the coal, and leave the unaltered skeleton of 
magnesia on the surface; whilst quartz, and the other silidous 
stones, are thus fused into glass balls. It does not now slack in 
water, as lime; which see. 

Dolomite, a mineral-yielding rock, composed of about equal 
parts of lime and magnesian carbonates, is so similar to some of 
the lime rocks, that the blow-pipe tests are scarcely sufficient for 
certainty, when the following wet test will be better for your 
purpose: Weigh one hundred grains of the pulverized sample, 
which place into a porcelain dish, basin, or teacup, with about 
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twice its Tolume of sulphuric acid, and then carefully evapo- 
rate to less than half its bulk. This will decompose both of 
the carbonates; and the sulphate of lime, thus formed, being 
insoluble in this acid, will lie at the bottom of the vessel; while 
the sulphate of magnesia will remain in solution. After allow- 
ing it to settle, pour off, or filter, into another basin, and evapo- 
rate this sulphate of magnesia solution over the chimney of a 
common coal oil lamp, to dryness. The first may be well water- 
washed, dried over the tea-kettle, and weighed as sulphate of 
lime; and the second may be moistened with water, and recog- 
nized by the peculiarly disagreeable, bitter taste of Epsom salts. 
If no other earths or minerals were present, its quantity may also 
be ascertained by calculating, on the basis of equivalent numbers, 
founded on the quantity of lime from its corresponding carbo- 
nate, the proportionate remainder of the carbonate of magnesia. 
These crystals may now be tested, by blow-pipe, as*before. 

BIANOANESE. 

These ores are found (commercially valuable) as oxides, which 
are from reddish brown to black, varying from earthy to a dull 
resinous appearance, lacking metallic lustre, bruising and streak- 
ing, either the same or a lighter shade of the color. To the eye 
it more or less resembles some flinty compounds, tin ore, the 
friable garnet and spinel, some iron ores, and certain magnesian 
rocks. It is readily distinguished from the flints, tin stone, gar- 
i^et, and spinel, by its inferior hardness, (not scratching glass,) 
&nd from all minerals by affording a surprisingly delicate char- 
acteristic greenish blue, when fused with carbonate of soda, 
either on platinum foil over a spirit lamp; in platinum or iron 
wire loop, before the oxidizing flame; or in an iron spoon over an 
open, clear fire; this is by far the best reaction, which may, 
however, be further corroborated by fusing it with borax in the 
same manner, when the hot glass will show from violet to ame- 
thyst, and the cold glass reddish violet, approaching to purple, 
which appears almost black when in excessive quantity. 

An addition of a very small crystal of nitre increases the color, 
^y more complete oxidation, when minute quantities are present; 
and pulverization of the bead exposes the thus modified and true 
color of the glass, when in excess, much easier and better than 
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flattening with foroepB, so often xeoommended. By complete]] 
enclosing the borax bead in the yellow flame, this color may b< 
destroyed, by redaction of the metal. As nickel gives a too 
familiar bead with borax, this infallible carbonate of soda test u 
also necessary, for absolute certainty. 

Manganese, when boiled with sulphuric acid, may be detected 
by adding litharge, which changes the solution to pink. 

MEBOUBT. 

Its principal ore is the sulphuret (cinnabar,) which is from a 
light to dark red, always pulyerizing TCiy easily, and more like a 
drug than mineral, to bright carmine red. Distinguished from 
the red iron ores by this, and by wholly or partially volatilizing 
on charcoal or on red-hot iron, and by losing its red color at a 
moderate heat, as it is more or less pure, instead of becoming 
red and magnetic under an intense heat, like iron ores; and from 
the red clays by this volatility, not adhering to the tongue, and 
the test of nitrate of cobalt solution for alumina; from red cop- 
copper and red silver, by neither giving the green flame, nor 
metallic silver. 

All the compounds of mercury, when fused with carbonate of 
soda, at a moderate heat, are decomposed and reduced to metal- 
lic vapor, which, arising in fumes, are speedily arrested and con- 
densed by a slight decrease of temperature; so that if gold, or 
any other amalgamating cold metal, is placed therein, the white 
amalgam thus formed on its surface, readily proves the presence 
of mercury. This may be tested in a close glass tube, held over 
a spirit lamp or upon a piece of red-hot iron; when a small strip 
of gold may be amalgamated if placed in the fumes; or the cold 
tube may be rubbed with a stick of clean wood, an iron wii-e, 
or a glass rod, so that the bright mercury, by being thus scraped 
into ridges, may be more readily seen within the glass. This 
may be varied to suit your tools, as in an iron spoon, in a tea- 
cup, etc., etc., as described on pages 206 and 207, and any bright 
cold metal, that is susceptible of amalgamation, will then expose 
mercury upon its surface. 

Cinnabar bruises very easily, giving to the water a bright and 
peculiar carmine red, which, by repeated pulverizations, passes 
all away with the water into the second vessel, and must be there 
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astimated; whilst the lighter, less friable, gangue residues can 
be separated by being swept over the margin, as convenient. 
Native amalgam of mercury and silver may also be known by 
the amalgamated surface, which must not rub off with a wet 
finger, like that from graphite, but pass away by heat alone. 

The red solution may either be filtered immediately, or allowed 
to settle^ and then decanted. 

The minerals that resemble cinnabar are generally very much 
harder, and may often be thus readily detected * 

HIOA. 

This mineral is widely distributed. When associated with 
quartz and feldspar, it forms the dark, glassy constituent of the 
granites; and in more minute scales, the similar ingredient of 
mica schist, (metamorphosed crystallized slate); as well as in nu- 
merous other mixed formations from primitive elements, in the 
secondary rocks. It is generally colored by iron from light sil- 
ver gray to brownish gray, or from olive green to black, but is 
sometimes golden yellow. The miner may study it sufficiently, 
in true granite, by the use of a sharp knife, a lens, and blow- 
pipe; he will see that it is easily cloven into very thin scales, 
whicli are elastic, (hornblende being non-elastic); it is infusible, 
and whitens before blow-pipe, (hornblende is thus fused to a 
globule of from green to black color;) it is also softer than horn- 
blende. Specific gravity 2.8 to 3. Hardness from 2 to 2.5. 

Transparent plates of mica have been found in the United 
States of America, two or three feet in diameter. 

The cleavage is parallel to the facets, and it crystallizes either 
rhombic or hexagonal. It differs from hornblende by having 
potash instead of the alkaline earths, lime and magnesia. Talc 
is more soapy, and its scales are not elastic. Gypsum bruises 



* It is indeed smnsing to receive tbe many samples forwarded from all directions for 
Msaj, which no conseientions man conld charge a customer for, without direct robbery. 

No mineral has fooled prospectors more thui cinnabar, (the ore of meroniyj and not, 
withstanding the far-fetched modes of books, nothing can be more promptly tested, as will 
be seen by referring to my new method by blow-pipe, in Section III, Chapter VI, at the 
foot of page 206. Those who are not the owners of a blow-pipe, may take any small tnbe. 
M a straw, or the ttem of the othenriu tueUst and disgusting tobaooo pipe, and blow a simi- 
lar current of highly heated air upon the sample and cold metal, from the flame of a candle, 
for a few aeeonds, when a wet linger will proye the presence or absence of quickaUTer. 

16 
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white, is also whitened and ommbled into '' Plaster Paris," by 
heat, and when fused with carbonate of soda, gives the sulphur 
reaction on silver. 

If lithia is present (which is very unusual) the sample is slightly 
fusible, and shows the corresponding red flame from that alkali, 
during the early effects under intense heat. 

KOLTBDXNITB. 

Sulphuret of molybdenum is of very similar appearance, soft- 
ness, and color, to graphite and plumbago. It is, however, a 
rare mineral, and named here more to distinguish it therefrom 
than for profitable usefulness in itself. 

Its general color is lead gray, and in this it is more constant, 
than graphite. It is partially soluble in nitric acid, leaving a 
gray residue. It is also more than twice the specific gravUy^, being 
about 4.6. It gives ihe sulphur reactions, and diminishes almost 
one-half its weight on being roasted. Graphite does neither ; 
which see. 

NICKEL. 

This metal is mostly obtained from arsenical nickel, called 
" copper nickel," its color being a lustrous pale copper red, with 
a somewhat darker streak and powder. When water-washed, its 
high specific gravity of about 7.5 favors its examination and esti- 
'mation, which is further facilitated by its peculiar appearance 
and speedy reduction to magnetic metallic scales, with carbonate 
of soda on charcoal; but unlike antimony, zinc, tin, lead, or bis- 
muth, it is not coated with white or yellow oxides. It may be 
otherwise detected, better by its differences with those metals 
that are also reduced to their magnetic actions, as iron, manga- 
nese, and cobalt. In common with iron and cobalt, it is mag- 
netic; but the color of the borax bead with nickel being reddish 
brown in oxidizing flame, that of iron bottle-green, and cobalt 
blue, are sufficient with these. Manganese very often contains 
iron, which gives the magnetic action to the sample, the color at 
the same time being, with borax, too similar to nickel; so that 
the collateral tests by carbonate of soda, both for the greenish- 
blue bead from the manganese and reduction to the magnetic 
scales of metallic nickel on charcoal, must be resorted to, for 
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greater surety. The fased slag, for the latter test, should be finely 
pulverized and examined by the water concentration and pestle 
method, folly described at page 186, under fire and water treat- 
ments. 

The largest nickel deposit known is near the gap, in Lancaster 
counly, Pennsylvania. Nickel was discovered there about the 
year 1856. This ore has a gray color, and is very heavy and 
hard; it is broken into small fragments, put into kilns holding 
about eighty tons each, subjected to heat produced by the burn- 
ing of a small quantity of wood, and the expelled gas. It is then 
fused in a smelting furnace, similar to iron ore. The product 
IroBi this treatment is r^uced to powder between iron rollers, 
and shipped to Camden, New Jersey, where a complete separa- 
tion is made of the nickel from copper and other metals. 

The author is an agent for buying nicke} and cobalt ores for 
Bhipment to a large English firm. 

PBTBOLEUM. 

Petroleum is an oil-like liquid, of from pale yellow to reddish 
brown color, somewhat lighter than water, and which is more or 
less found in, or flowing from, natural wells, in all countries, but 
more particularly in and around large or small coal fields. It 
has naturally a somewhat disagreeable bituminous odor; it is in- 
flammable, and, during combustion, emits a thick black smoke. 
The black residue being weighed, gives the quantity of uninflam- 
mable matter present, and its comparative quality; which resi- 
due, on being heated to redness in a clean vessel, further exposes 
the kind and quantity of the non-gaseous, inorganic remainder. 

Its composition varies from accidental ingredients; but it is 
essentially a hydro-carbon. By distillation, it produces naptha, 
a colorless or slightly yellow liquid that floats on water, composed 
of carbon 82.2, and hydrogen 14.8, this, by exposure to air 
and light, thickens, and again becomes brown petroleum; which 
latter, by further exposure, and oxidation, forms elastic bitu- 
men, and compact bitumen, of specific gravity from 1 to 1.6, and 
earthy bitumen or asphaltum, when earths, etc., are accidentally 
mixed therewith. 

Good practical tests are, boiling the sample in water, to ascer- 
tain if it will separate and float on the surface; careful ignition. 
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for quantity and quality of flame ; and subsequent red heat of 
residue, when an approximate yalue may be promptly known, by 
comparatiye residual percentage. 

Test fob Good Pbtbolbum. — The color should be white or 
light yellow, with blue reflection; dark yellow indicates imperfect 
purification, or adulteration with inferior oil. The odor should 
be faint and not disagreeable. The specific gravity at 60^ Fah. 
ought not to be below 0.79, or above 0.84. When mixed with 
an equal volume of sulphuric acid, the color should become 
lighter and not darker. 

Great care should be taken to ascertun its quality, when pro- 
cured from mine or store, before using it in lamps, and the fol- 
lowing simple test will be sufficient to guarantee safety: 

Pour a few drops into an open saucer and apply a lighted 
match thereto; if it light up like alcohol into a fiame, it should 
not be used in lamps. 

If you cannot light it in this manner, it is a non-explosive and 
safe burning oil. 

PLATINtJIC. 

A white metal which is always found in the metallic state; it 
accompanies gold in alluvial deposits, but is never found in veins. 

Some authors have incorrectiy written " ores ofplaiinum" but 
the metal is only mechanically mixed in gravel or sand, and not 
in chemical or constitutional form. 

Similar in texture and appearance to nickel and malleable iron, 
but just somewhat more silver-like than the latter, it is not at- 
tracted by the magnet, and is thus distinguished from both of 
them. Insoluble in sulphuric, nitric, or hydro-chloric adds, 
when only one acid is used, which separate it from all the base 
white metals and their alloys. It is soluble in aqua regia, (which 
is composed of one part nitric acid, and from one to four of bj- 
dro-chloric acid,) and again precipitated yellow by potash or 
ammonia; chloride of ammonia (sal anmioniac)^al80 precipitates 
it yellow, which can be reduced to spongy platinum by heat. 

This metal is infusible by the ordinary heat produced in fur- 
nace or before the blow-pipe, both with and without fluxes; but 
it can be readily fused in the oxy-hydrogen blow-pipe flame. 

£latinum is frequentiy aUoyed with gtJd, silver, Ac, and al- 
utains traces of one or more of the metals of its own 
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character, as " Iridiiim/' (the most infusible, heaviest and hard- 
est of all metals, speoifio gravity from 23 to 26,) ** Osmium," 
*' Palladium," and "Ehodium;" the last of which is also very 
hard, but brittle and almost insoluble. 

Although these last named metals are very interesting to sci- 
entists, they are too sparsely distributed for profitable extraction 
by miners.* 

PRECIOUS STONES. 

Thb Duhond — (which is pure carbon) — ^may be considered to 
stand foremost among t&e commercially valuable gems. It is 
transparent and colorless, or variously colored, and consequently 
less transparent; as yellow, blue, green, rose, brown, and very 
rarely black. 

It is the hardest of all gems, 10; specific graviiy from 3.48 to 
3.55; and always found crystallized in octahedrons,, dodecahe- 
drons, and corresponding additional facets, which nearly always 
differ from other gems by being slightly convex. Where the 
edges of the ciystal are imperfect, a lens shows that they have 
been more broken than worn off. 

Diamonds are frequently coated with adhesive earths, and the 
forms and full brilliancy of their crystals cannot be seen until 
they are thoroughly cleaned. 

It may be best known by its scratching the hardest flint, and 
all other gems; by being infusible, and unchanged (within any 
reasonable time) before the blow-pipe, even with fluxes, (quartz 
and silicates being more or less fusible with carbonate of soda;) 
by being insoluble in all acids, (even hydro-fluoric, which readily 
attacks quartz and silicates;) by its specific gravity; brilliant re- 
flections of light; and becoming electric in its natural condition, 
when rubbed on cloth, as shown by its attracting small pieces of 
paper or other suitable substance, (which no other gem will do 
before it has been polished by artificial means.) It is mostly 
found in alluvial washings, in similar positions to gold, plati- 
niun, etc. 



* These facts of platinum being entlMly absent from veins and almost constanUy alloyed 
with more or less gold when taken ftrom allnylal formations, serve to favor my opinion 
expressed at page 68, that much of the gold of gravel deposits was not originally deposited 
in quarts v^lns. 
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If the czystal is deui and its sparkle briUianily dear, it xnaj 
be tested by dipping in water; as tbe light from spniious paste 
or rock, will be extinguished; whilst the trae gem will almos^ 
retain its full lustre. 

If the crystal is like that of the diamond, a hand saw file will 
not injure the real gem, bnt will mark and mar the inferior 
stones. 

This latter is a good and yeiy practical diamond test for all 
natural stones. 

EmcRAT.D (Bebtl)-— Giystallizes in long hexagonal prisms, with 
singular terminations (but not mitred from side facets, as quartz). 
Color, green; beryl being sometimes from blue to yellow; lustre 
vitreous; from transparent to translucent and opaque. Hard- 
ness from 7.5 to 8. Specific gravity, 2.65 to 2.15. Brittle, with 
conchoidal (irregular or flintlike) fracture. The transparent 
kinds,' when in small pieces, become clouded before the flame of 
the blow -pipe, and with increased, continued heat, assume 
mother-of-pearl appearances. 

Dr. Thompson gives their composition as 2 atoms tersilicate of 
alumina, and 1 atom tersilicate of glucina; the former is colored 
by the oxide of chromium, and the latter by the oxide of iron. 

It differs from green tourmaline in hardness and crystalliza- 
tion, and from euclase and topaz by its uneven fracture, thej 
having more regular cleavage. 

Pbeoious OB Noble Opal — Is a beautiful, milk-colored gem, 
that also exhibits, in the light of day, a changing interior play 
of the pearl-like colors, green, blue, yellow, and red, which be- 
come yellow by transmitted light, and are sufficient in themselves 
for the recognition of this peculiar stone. 

It is composed of soluble silica, and a varying quantity of 
water: sometimes as much as ten or twelve per cent. 

Its specific gravity is about 2.2, but varies with the quantity of 
water present. Hardness from 5.5 to 6.5. 

It is not so hard as quartz. It is infusible when alone on 
charcoal, before blow-pipe, but fuses with effervescence, in car- 
bonate of soda, to a clear bead. It may be dissolved in. boiling 
hydrate of potassa, and precipitated therefrom by sal ammoniac, 
(^tisas off steam, when heated in glass tube or before the blow- 
^'ich may be condensed to water and arrested upon the 
le glass tube. 
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Sapbhibb (OoBuin>nM). — This gem, when perfectly white, seems 
to be pure alumina (aluminum 53.29, oxygen 46.71). It, how- 
ever, consists of two precious Tarieties, the sapphire proper, and 
the oriental ruby. The former has a specific gravity of from 8.9 
to 3.97; the latter of somewhat less. There is also a common 
corandum, and ordinary emery. 

William Phillips gives this paragraph's concise definition of the 
whole family: '* Sapphire has obtained several names, dependent 
on its color and lustre: the transparent or translucent, white 
sapphire; the blue, orierUal sapphire; the red, oriental ruby; the 
yellow, oriental topaz; the green, oriental emerald; violet, oriental 
amethyst; the greenish blue, oriental aqua-marine; with pearly 
reflections, the chatoyant or opalescent sapphire; when transpar- 
ent, and with a pale reddish or bluish reflection, girasal sapphire. 
Some, when cut en cabochon, present a silvery, star-like opal- 
escence of six rays, in a direction perpendicular to the axis; this 
variety is termed Asteria, The same crystal occasionally exhibits 
the union of two or three of these diflerent colors." 

It occurs in variously terminated six-sided prisms, and stands 
at 9 (being next to the diamond) in the scale of hardness. It is 
unaltered, even when in powder, before the blow-pipe's flame, on 
naked charcoal; but, when fluxed with borax, it fuses with diffi- 
culty into a colorless glass. It is imaffected by acids. Trans- 
parent pieces, when artificially pdlished, become electric by fric- 
tion, and retain this property for some time. It may be distin- 
guished from the diamond and nrcon by specific gravity, crys- 
tallization, hardness, and fusibility; which see. 

The oriental ruby is moat beautiful and valuable. It varies 
from a rose to a blood-red color, of similar crystallization, and 
possesses the other features enumerated. In addition to these, 
it becomes green when highly heated, and returns to its original 
color when cold. The green sapphire is unchanged by fire. 

Corundum stone and emery are of but ordinary beauty, and 
low commercial value. 

Topaz — Is a stone of inferior hardness (S) to all the preceding, 
excepting opal, and of specific gravity from 3.49 to 3.56. Color 
either pale yellow, or various light tints of blue, green, or red. 
Lustre vitreous. Streak white. Not affected by acids. Infu- 
sible without dux, but with borax it slowly melts into a trans- 
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parent glass. Ooonn masmye, rounded, and in right rhombic 
priams, in primitive rock. It beoomes electric and polarized 
after it has been heated to redness, and retains shape and trans- 
parency; whilst tonrmaline, which also becomes electric, whitens, 
and swells; but its specific gravity is from 3 to 3.1. Its bright 
transverse fracture is also a distinguishing feature, against the 
otherwise similar minerals. Tourmaline is almost invariably 
corrugated lengthwise on its facets, and breaks transversely, with 
a resin-like and irregular granular fracture, which is frequently 
speckled with different shades of color, as seen through a lens. 

The pale yellow topazes from Saxony are not rendered electric 
by heat, and some Brazilian topazes are changed to red when 
placed in the fire. 

Topaz is composed of alumina 58.38, silica 34.01, fluoric acid 
7.79, from an analysis by Berzelius. 

TuBQUOis — ^Is a beautiful stone, that varies in color from apple 
green to sky blue; it is somewhat similar to malachite in mode 
of occurrence, texture, fracture, and general appearance, and dif- 
fers from silicate of copper in fusibility and solubility. It may 
be easily known from the former by being more gritty between 
the teethy and from the latter by changing to brown when en- 
closed and strongly heated in the reducing flame for a few min- 
utes, as the silicate would thus become speckled with white 
patches. 

It loses its color in hydrochloric acid (muriatic), but does not 
effervesce like malachite; it is also much lighter and softer, its 
gravity varying from 2.6 to 3 (malachite being 3.5 to 4.5), audits 
hardness from 5 to 6 (malachite varying from 3.5 to 4). 

The residue from acid,. after being well washed with water, 
gives the alumina reaction with nitrate of cobalt. (See Alumina. ) 
Silicate of copper merely becomes white. 

Turquois also gives much constitutional water when heated to 
low redness in a thin glass tube over a clean flame or hot iron, 
which, with its coloring element, copper, (detected by hydro- 
chloric acid and blow-pipe's flame,) serve to separate it from 
other preceding gems. 

It is composed of alumina 44.5, phosphoric acid 30.9, oxide of 
1J.75, oxide of iron 1.8, water 19=99.95. 
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ZiBGON (SnjOATE OF Ziboonia). — Thls stone crystallizes very like 
the diamond to a flat octahedron, with its angles variously re- 
placed. In thiSy and in the resin-like color, which also streaks 
white, it closely resembles the oxide of tin. 

Composition, zirconia 67.16, silica 33.48. 

It is not of great value as a gem; but it is necessary to be en- 
abled to distinguish it, and more particularly from the diamond. 
When heated in a close vessel, with lime, zircons become pale 
yellow, and are then fraudulently passed as diamonds. 

Its specific gravity is from 4. 6 to 4.7. Hardness 7.5. Like the 
diamond, it is exceedingly infusible before the blow-pipe, merely 
losing color; but, unlike the diamond, U may he fused with borax 
to a transparent glass, and strong hydrochloric acid etches a 
mark on its surface. Tin oxide yields a yellowish white oxide 
on charcoal, which is deposited close around the sample, and is 
reduced to metal by cyanide of potassium, and, being much 
heavier, is readily distinguished by comparative water treatment. 
Its specific gravity is also greater than the diammid and all other 
gems (the diamond being but 3.55). 

Thejirst examination of a gem so as to approach to the true stone, 
may be for specific gravity, which vnU prevent many random trials 
by telling you what it cannot be, as just seen by the above example. 

QUABTZ (silica). 

Quartz may be distinguished from other vein stoneshy its insol- 
ubility in all acids, except hydro-fluoric and its hexangular crys« 
tallization; by freely scratching glass; inf usibility and unchange- 
ableness on charcoal, without flux; and by its prompt fusibility, 
with effervescence, to a clear glass, when fluxed by carbonate of 
Boda. (See Discrimination of Yein-stones, pages 177 and 187.) 

Although it is gen^erally white, it has many shades of color, 
and enters into various flinty combinations. 

It pulverizes more harshly and slowly under the pestle than 
any other matrix or vein-stone, particularly displayed by com- 
parison, after having^been roasted. 

QUABTZITE. 

A distinctly granular, quartzose rock, which appears as if a 
siliceous sandstone had been solidified Vy some means into a 
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tough und compact formation. It is frequently found in more or 
less tilted dikes, haying various degrees of cementation and haiu- 
ness, but being less translucent and much more dirty than quartz 
Color from a dull and dirty yellowish white to gray and rust^ 
gray. Does not expose any six-sided crystals, or similarly err'- 
tallized cavities so frequently seen in quartz, nor enclose perfec 
crystals of ^other minerals, within itself; although profitable Teh* 
of quartz are often found lying beside such dikes. 

SILVER. 



L 



A globule of silver when placed, for a few seconds, on a cle 
bone ash cupel, before the blow-pipe's blue flame, should sh 
no oxide from base metals, on the white ash. A button, tli. 
has been entirely freed from the base metals, will, by a kind 
minute volcanic action, during rapid cooling in cold air, exude c 
build up warty protuberances, that indicate pure silver; tl. 
eflfect may, however, be lessened by slower refrigeration. Sih^' 
will deposit a red oxide upon the ash, if the oxidizing flame is v 
long continued. 

It requires a considerable ratio of gold to prevent this exuda- 
tion of silver.* 

The frosty white silver globule flattens much harder than lea«I. 
but also with perfect edge to a thin disk. It is dissolved :- 
boiling nitric acid, without residue, and is again precipitated bj 
hydro-chloric acid, common salt, and all other soluble chloride.^ 
which will either render the solution milky, or precipitate ^ 
white chloride, as less or more silver is present. 

These chlorides are insoluble in acids, in common with tho^^ 
of lead and mercury; but the chloride of silver being completel; 
soluble in ammonia, whilst mercury is only blackened and lea i 
unchanged, must be employed for further discrimination after 



* Many writers on metaUnrgy have stated that these effects are prodaced bj Q6capic< 
oxygen, for the reason that hot and molten silver, by having strong affinity for that k^u 
unites with it, until a certain reduction of temperature causes it to depart thus suddec.^ 
to form such prominences. 

This cannot be correct, as a red-hot match is neither rekindled nor even brightened ". 
the least degree by the escaping gas. 

The effect is, however, evidently produced by gas, as the eruptions are acoompanlcd 
a hitting tound that may be distinctly heard when the ear is placed tuffieimttv clete. 

I think they are caused by nitrogen gas. 
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such precipitations. (See sulphur and soda tests, and Chapter 
VI, Section m.) There are many other tests, but these are 
most practical and reliable. See test by blow-pipe, page 208. 

Brigrht silver tarnishes to brownish yellow when placed into 
the yolk of a boiled^or fried egg whilst still hot, from its affinity 
for the^sulphur^which it contains. 

SIATB. 

The slates have been produced f rom'the water-washed disinte- 
grations of the primitive mountains; first simply deposited as 
mud, then hardened and stratified by time and pressure. See 
Chapter IE, Section I. 

There are several slates, as mica slate, hornblende slate, clay 
slate or argillaceous shale, bituminous shale, plumbago schist, 
talcose slate, chloritic slate, and Cornish killas. The words 
used have explained all but the last, which is a peculiarly alum- 
inous, highly metamorphosed and disjointed partially decom- 
posed stone. 

The slates have some resemblance to trap and blue limestone, 
but differ from both by having distinct laminations and cleavage: 

Talcose slate has a soaplike feel; trap and limestone are more 
granular and rough. 

All the slates have cleavage lines, and fracture in planes, but 
trap breaks to irregular conchoidal surfaces. 

Trap rings to the hammer, more than slate or limestone. 

Carbonate of lime effervesces in acids, and after strong heat, 
hecomes caustic to the taste, and slacks in water. 

SOAFSTOKB (STEATIT£). 

• 

Similar in chemical composition to talc (silicate of magnesia), 
hat is more compact^and slate-like in texture. It is generally 
nearly white, more or less colored by green or bluish green. 
When first excavated, it feels very soapy; but, on being exposed 
to a strong heat, it becomes less unctuous. 

It is a good fire-stone, and, as it is easily wrought into shape, 
it becomes serviceable for smelting purposes. 

It gives the magnesian reaction with cobalt solution, when 
carefully conducted. Differs from chlorite by being of lighter 
shade of green, and after being first powdered and dried over 
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boiling water, by yielding no constitational water when heated 
in a glass tube over alcohol lamp, at a red temperature; chlorite 
coating the cold upper part of the interior of tube with globules 
of water from condensed steam. 

SODIUM. 

This alkali is generally found in carbonate or chloride of so- 
dium, which are both soluble in water, giving alkaline reactions, 
known by their peculiar tastes, and by coloring the flame strongly 
yellow; the carbonate effervesces, even in weak acids, such as 
are generally found about, as acetic (vinegar), citric, tartaric, 
etc. The manganese bead therewith, of greenish blue, is a mu- 
tual test for both manganese and carbonate of soda. 

It may also be proven by the iron spoon test for sulphur, after 
mixing it with a known sulphuret or the end of a sulphur matcb, 
pulverized therewith, kneaded into a paste, then fused on coal 
or in the spoon, and placed on a moistened silver coin; this 
brownish black stain being, of course, a test for both. The 
common salt, after having given the yellow flame, may be tested 
in the manners described for chlorine, or by nitrate of silver so- 
lution. (See Silver. ) Also, when in crystals, as side-proofs, by 
decrepitation and taste. 

SULPHUB. 

The most convenient test for sulphur is by roasting, and smell- 
ing the sulphurous fumes evolved during either of the methods 
described in the chapters on discrimination. 

The best test is that of forming a soluble sulphate, by fusing 
with carbonate of soda on charcoal, before blow-pipe's flame, or 
in an iron plate or spoon placed in an open Are, and then on a 
moistened silver coin. The smallest quantity when thus treated, 
by staining the coin from light brown to brownish black, reveals 
its presence. 

This is facilitated by first dipping the silver coin in boiling 
water, or warming it over a hot iron or a clear flame from a lamp, 
as this slight additional temperature greatly increases the affinity 
of sulphur for silver. (See chapters on discrimination by blow- 
pipe, and by more ordinary facilities in the new methods for 
practical men.) 
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TALO (SHJOATB OF UAaNESIA). 

The talcose rocks have an unctuous or soapy feeling, and they 
yary in color from white to green; pure talc has an unusually 
pear-like lustre . It differs from mica, in being non-elastic; its 
leaves are, however, flexible, and so soft that they may be 
scratched by the nail. 

It frequently occurs in a divergent, foliated, specimen form; 
but its valuable properties for the miner are more particularly 
displayed by its general dissemination in the talcose slates of the 
gold fields. In California, it is also found more or less pure, in 
massive beds and dikes; the exterior faces of fracture being con- 
choidal, of pearly smoothness, and in numerous variegated shades, 
from white to green, on the same face or stone. Those, being of 
a mixed composition, are generally much harder. 

Impalpably flne mechanically suspended tialc frequently ac- 
companies chlorite and clay on the walls of mineral veins, when 
they traverse talcose clay slates, and is regarded as an equally 
favorable indication, as explained in Section I, Chapters VII, 
Vm, and IX. 

TELLURIUM. 

This grayish-white mineral is sometimes found in natural mefcal- 
lic condition. It bums green, and almost entirely volatilizes as a 
dense white vapor, before the blow-pipe's blue flame, which de- 
posits its yellowish white oxide on charcoal; this oxide, being re- 
heated where it lies, before the blue flame from blow-pipe, again 
passes away with a peculiar green flame. These volatilizations 
of metal and ores can only be effected at a higher temperature 
than metallic and mineral antimony, arsenic, sulphur, and bis- 
muth. 

Its ores are those of graphic tellurium, yellow tellurium, and 
black tellurium. 

The first of which, from an analysis by Klaproth, yielded, of 
tellurium 60, gold 30, and silver 10. It has been found in small 
quantities in the quartz veins of Offenbanya and Nagyag, Tran- 
sylvania; and in very much larger quantity at Carson Hill, 
Calaveras County, California, where it occurs in the veins of the 
New Melones Oold and Silver Mining Company. This Califor- 
nian ore of tellurium is mostly graphic, but sometimes black 
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telluritun is intermingled. It is of a more or less tarnished 
steel-graj color. Its specific gravity is about 5.7, and it ranges 
in hardness from 1.6 to 2. 

The second (yellow tellurium), from an analysis of the same 
authority, is composed of tellnrium 44.75, gold 26.75, lead 19.50, 
silver 8.50, and sulphur .5; the latter being accidental, it stands, 
by Berzelian formula, as telluret of gold, lead, and silver. 

The third (black tellurium), from four examinations made by 
Klaproth, Brandes, Berthier, and G. Bose (where the two first 
only approach to similarity of analysis), the quantity of telluriuin 
varies from 13 to 38.37, the lead from 60 to 85 per cent., the 
gold from to 6, the silver from to 1.28, copper from to 1.3, 
antimony from to 4.5, and sulphur from to 11.7. Such dif- 
ferences but serve to show that the samples were either not 
well selected, or were of unsettled constitutional forms, and that 
most of the other minerals merely happened to be present. The 
last analysis, of G. Bose, gave 38.37 of tellurium, 60.85 of lead, 
and a probably chance quantity of 1.28 silver; thus placing it as 
a bi-telluret of lead. Therefore, its specific gravity is in this 
pure state 8.16, and its color tin-white; but, as may be supposed, 
its specific gravity varies down to 7, and its color to very dark 
lead gray and iron black, as varied by the presence of black tell- 
urium and the other minerals. Its hardness varies from 1 to 1.5. 

These ores are valuable for the precious metals they contain, 
and may be recognized by— 

1. Their dense white fumes at high temperature, the green 
color produced before the blue fiame when its white, or, if lead 
is present, brownish yellow oxide, is re-flamed. 

2. The white oxide deposited in the upper end of a close 
glass tube, when the mineral is subjected to a heat that almost 
melts the glass (being much higher than arsenic, bismuth, sul- 
phur, antimony, or mercury); which, on being re-heated in this 
state and position, either quietly fuses to colorless globules or 
minute orbicular patches. It evolves no smell, unless selenium, 
sulphur, or arsenic is also present. 

3. Each kind may be separated by a lead assay with carbon^ 
ate of soda (1 part of ore to 3 parts of the carbonate), and subse- 
quent cupellation, which informs you whether it be a telluret of 
gold and silver, wiJthovi lead; a telluret of gold, silver, and lead; 
or the bi-telluret of lead alone, as well as the ratios or quantities 
of each metal. 
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Tellurium may also be detected, in all its combinations, by 
first fusing a finely pulyerized, intimate mixture of the ore with 
half its Yolume of carbonate of soda and charcoal, at a full red 
heat, in a close-ended tube; and then, after it becomes quite 
cold, to dissolve the telluride of sodium thus formed, in a few 
drops of hot water; when, if the substance contained tellurium, 
this water will be colored from a more or less dark amethyst to 
purple, according to the quantity present in the ore. An old 
tea-cup, crucible, or clean iron spoon, may be used for this pur- 
pose, if you have no test tvhe. 

TIN 

Is invariably obtained from its oxide, which may be known by 
various fire, water, and acid tests, much better and easier than 
by any of its physical characters. 

First concentrate in a porcelain dish, cup, sauce^, plate, or 
basin, or on a Gomish vanning shovel, in a horn, prospector's 
pan, or Mexican batea, and notice its head position, and pecul- 
iar resistance to the water's sway; its color when pulveiized, 
which Taries from almost white to dark brown, through all the 
shades of resin; and its remarkable roughness under the finger 
after this concentration. If quartz and some other mineral, of 
about 5 or 6 specific gravity, and of different appearance, are not 
present, it may be well to add them, for the sake of comparing 
the superior specific gravity of the tin oxide. 

Knovdng by this means that a mineral is present that thus far 
resembles tin ore, next roast at a low red heat, in an iron spoon, 
ladle, scorifier, or crucible, for half an hour, stirring the while 
with a small wire. After it becomes cold, pulverize to an impal- 
pable powder, and re wash until the water ceases to pass off red, 
(caused by oxide of iron, which bruises away in water,) and the 
residue looks resinous and entirely free from other matter. 

Unless the' rare tungstate of iron is present — which must be 
dissolved in hydro-chloric acid — ^this residue is tin oxide. The 
oiide of tih may be distinguished and separated- from all the 
irons, after being roasted at a low red heat, by being insoluble 
in aqua regia; the iron, being soluble, passes away in the liquor. 
Garnet and spinel, when powdered as well as in the stone, apart 
from crystallization, and the '' precious stone, zircon," which also 
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crystallizes in similar form, closely resemble tin stone; but thes 
would have passed away in the water, over the margin with tli^ 
quartz; therefore, a resin-like stone, that is unaffected by rei 
heat, the pestle, water, and acids, is the oxide of tin; which m; 
be still further proren by nitrate of cobalt solution, producing * 
bluish green on charcoal; zinc, being thus treated, showiL: 
green; but this ore would not be present after these concentr: 
tions by roasting, acid and water. 

Metallic tin, when bent in close proximity to the ear, makes • 
crackling noise. (See zinc.) 

TRAP. 

Trap is a heavy and tough igneous rock, which rings under thf 
hammer and breaks into irregularly shaped blocks with conchoi 
dal and more or less granular facets. Specific gravity 2.8 to 31 
There are several kinds of trap, as " Amygdaloid/' with almond 
shaped fillings of other minerals; ** Porphyritic trap," &c., speck- 
led with ciystals of feldspar: "Basalt" is a very similar rock, 
which is more frequently found in columnar forms. The trap- 
vary in color from greenish gray to dark brown; they sometiine* 
lie in massive horizontal beds, but more frequently ii\ dikes. 

There are many other varieties of unimportant volcanic rock> 

WATER. 

This liquid plays many important affinities in mineral fonm- 
tions, and therefore it is necessary for you to know how to ascer 
tain its presence, when in chemical or constitutional forms. 

First thoroughly dry the powdered sample very slowly anti 
carefully at a heat not exceeding 212^, and then place it at tb^ 
bottom of a close-ended test tube held in diagonal position ots: 
an alcohol lamp, and quickly raise it to a low red heat. If tk 
mineral contained water, its vapor would be condensed upontht? 
upper part of the glass tube. 

For the many and very interesting peculiarities of water, ee( 
Chapter II, Section I. 

ZINC. 

• 
The oxide produced before the oxidizing flame, when a sample' 
is heated on charcoal, is yellow when hot, and white when eoM 
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t stone of zinc ore is calcined in an open fire, its copious white 
aes will arise and coat cold substances with white oxide, which, 
ng warmed, becomes yellow. 

Uhe oxide of zinc thus produced on charcoal, when moistened 
h nitrate of cobalt and re- flamed, forms perfectly green and 
re extensive patches than the tin oxide, which is bluish green, 
-der to obtain, more capricious in shape, and less generally 
seminated; O^e oxideof Lis not only white both when hot and 
d, but it also forms close to and sometimes upon the assay piece. 
Cine ores are more difficult in reduction than tin. It has a 
iYj, non-lustrous hue, and, unless rolled into a thin sheet, 
7ery brittle. It is dissolved so rapidly by hydro-chloric acid, 
it the disengaged hydrogen gas-bubbles overflow the test tube, 
ich is quite different to the sluggish action of tin. Its ores 
11 not, like those of tin, resist water, pestle, fire and acids.* f 

ADDENDA. 

Et will be well to bear the following leading modes in mind, as 
3y have greatly assisted in the discrimination of the useful ele- 
cts enumerated in this chapter: First, the reactions before 
)w-pipe, as comparative luminosity and fusibility; magnetic 
:ce created; oxidation to known colors, or reductions to metal; 
lors produced by flames and beads in wire with fluxes or with 
trate of cobalt upon charcoal; peculiar odor of fumes; amalgar 
iting gold, &c., by mercuiy; and the fusion to sulphate of soda 
: the sulphur test on silver. Also, the collateral facts of hard- 
ss, colors of powder and streak, cleavage and peculiar fracture; 
isticity, pliability, ductility, feel by fingers and teeth, taste and 
pearance; roasting and acids, salt and ammonia, &c. ; and some- 
aes crystallization, and specific gravity by weighing or water 
»atment. After ki) owing what metallic mineral is present, you 
11 then be enabled to really assay it by the directions given in 
e following chapters on assaying. 

It has appeared from this chapter, that both specific gravity and hardness may be most 
(servient directors for the recognition of minerals, when they are in states of purity, 
many are ;) but, when mixed or impure, they must not be employed, 
ou will, after a little practice, become more and more attached to the ever convenient 
I costless mode, of comparison of specific gravities by water treatment. 
It kas been seen that the very numerous and too scientifically ridiculous terminations 
iU have been almost entirely excluded from this chapter, and book; as I could not see 
at earthly good oonld have resulted from their more general insertion, as suoh nonsen- 
H surplusages are nothing better than retarding brakes to both practical 'and sclentifio 
)gTe8S. For example, " Cauiteriie" for oxide of tin. 

17 
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The foUcwing Tables are from Scribner*s 

Mechanics' Companion. 



TABLE OF SPEOIFIO GRAVITIES. 



DiTlde the Bpeciflc Gravity bj 16, and the qno- 
tient Is the weight of a eubio foot In Ibe * 



mCTAUI. 

Antimony 

Arsenic 

Bismuth 

Brass, coQimon 

Bronas.gun metal 

Oopper, cat^t 

wire drawn 

Gold, pnre, cast 

hammered 

22 carats fine 

90 carats line 

Iron, cast < 

ban 

Lead, cait 

Mercury, 83* 

60* 

Platinum, rolled 

hammered 

SiWer, pure, cast 

hammered 

Bteel, soft 

tempered and hardened 

Tin, Oomish 

Zinc, cast 

•XOMBB AMD EABXHS. 

Alabsrter, White 

yellow 

Amber 

Asbestos, starry 

Brick 

Chalk 

Charcoal 

triturated 

Clay 

common soil 

Coal, bituminous 

Newcastle 

Scotch 

Maryland 

Anthracite | 

Diamond 

Earth, loose 

Emery 

FUnt, black 

white , 

Granite, Scotch , 

Sasqnehanna 

Quincy 

Patapsco 

Lockport 



Specific 
Gravity. 



6.712 

6.76S 

9.823 

7.820 

8.700 

8.788 

8.878 

19.26H 

19.861 

17.486 

16.709 

7.207 

7.788 

11.362 

13.596 

13.680 

22.069 

20.837 

10.474 

10.611 

7.833 

7.818 

7.291 

6.861 



2.730 
2.699 
1.078 
3078 
'1.900 
2.784 
.441 
1.880 
1.930 
1.984 
1.270 
1.270 
1.300 
1.365 
1.436 
1.640 
S,fi21 
1.600 
4.000 
2,582 
2.594 
2,625 
2.704 
2.662 
2.640 
2.666 



Weight of a 
cub. foot In 



LBS. 
419.60 
860.19 
614.00 
489. 
643.76 
649.26 
643.90 
1203.60 
1210.10 
1093. 
982. 
460.44 
486.81 
709.60 
849.87 
848.76 
1379.31 
1271.1 
664,62 
667.0 
489.56 
488.62 
455.62 
428.81 



170.62 

167.44 
67.87 

192.U6 

118.75 

174. 
27.56 
86.25 

120.62 

124. 
79.37 
79.37 
81.25 
84.69 
89.76 

102.50 

220.06 
93.75 

250. 

161.37 

162.12 

164.06 

169. 

165.76 

166. 

166. 



Wt of a 
cub. in. in 



Wtof 
cub. ic. 



oz. 
3.88S 
3.336 
6.684 
4.525 
6.034 
6.066 
5.137 
11.146 
U.204 
10.118 
9.091 
4.170 
4.507 
6.568 
7.860 
7.868 
12.771 
11.769 
6.061 
6.082 
4.533 
4.524 
4.219 
4.970 



1.680 

1.562 

.623 

1.778 

1.099 

1.611 

.025 

.798 

1.116 

1.148 

.736 

.735 

.752 

.784 

.831 

.949 

2.037 

.868 

2.314 

1.494 

1.601 

1.519 

1.566 

1.634 

1.527 

1.566 



T.TM. 

.244 

.208 

.355 

.282 

.315 

.317 

.320 

.697 

.700 

.633 

.568 

.280 

.281 

.410 

.492 

.491 

.798 

.736 

.379 

.381 

.283 

.283 

.263 

.248 



.099 
.098 
.039 
.111 
.069 
.100 
.016 
.050 
.070 
.071 
.046 
.046 
.047 
.049 
.052 
.059 
.127 
.054 
.144 
.094 
.094 
.096 
.098 
.097 
^096 
r098 



*Thls 1h not correct. It should be, multiply the specific grayity by 1000 and then divide 
by 16. (Or first expunge the decimal point and then divide by 16.)— Thb Autbob. 
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TABLE OP SPEOIPIO GRAVITIES. 



iTide the Specific Qrvrlij by 16, and the quo- 
tient Is the weight of » cubic foot in lbs. 


Specific 
Gravity. 


Weight of a 
cnb. foot in 


W't of a 
cub. in. in 


Wtof 
cub. in. 


lindstone 

Tnnnn. Opaane..... 


2.143 
2.168 
2.876 
8.180 
3.156 
2.720 
2.837 
.804 
7.000 
2.708 
2.668 
2.838 
2.686 
2.619 
2.708 
2.708 
2.673 
2.669 
2.800 
2.484 
2.385 
.916 
2.416 
2.765 
1.981 
1.800 
2.600 
2.672 
.2.510 
•2.520 


IAS. 

133.98 

136.60 
♦ 179.76 
198.76 
197.25 
170.0 
177.4 
50.43 
437.50 
169.25 
166.75 
177.37 
166.75 
165.56 
169.23 
169.00 
167. 
166.86 
175. 
155.25 
149. 
67.18 
161. 
172.81 
123.81 
112.50 
162.50 
167. 
156.87 
157.50 


oz. 

1.240 

1.254 

1.664 

1.810 

1.826 

1.574 

1.648 

.465 
4.051 
1.567 
1.644 
1.642 
1.564 
1.633 
1.567 
l.r67 
1.546 
1.545 
1.620 
1.431 
1.322 

.530 
1.398 
1.600 
1.146 
1.041 
1.604 
1.546 
1.462 
1.468 


LBS. 

.077 
.077 


one. white. razor 


.104 


Imestone, green 


.lis 


white 


.114 


Ime, compact 

foliatMl 


.098 
.102 


ime, quick 

FtDgMieffe .'......... .X . x.x X 


.029 
.252 


CATble, African 


.098 
.097 




.103 


common 


.097 


French .....••••..... ...... ..... ..... 


.096 


white Italian 


.098 


Sotlau !, Vermont 


.098 


Castleton 


.097 


Stoekbridge 


.097 




.100 


CiUstone 


.090 


^'^'c^Jpin, China. ... ^ ... . 


.006 


^mineStone 


.033 
.088 


•orphyry, red 


.099 
.071 


laiid 


.066 




.096 


:*te 


.097 




.091 


common 


.091 



MELTING POINTS OF SOLIDS. 

PlatiHMm, pttPodtum, rkodiuM, lime, Hla,Jne porcelain, can be zaelted in small qnantitief 
ly strong leufles. or the hydro-oxygen blowpipe. * * Platter of Parit, eotnmon 
rM'uy, at 150* to 180^ of Wedgewood'a pyrometer ; say 20,000^ to 24,000* FUir. Iron, red kai 
In day light) , 1207- Fahr. 



H 



< [ 



Fahr. 

•Gold ^. 5,237* 

•SUver 4.7ir 

•Copper 4,i87* 

Bhmbs 8,809* 

Flint glass 2,377* 

Antimony 809* 

Cast iron 2780° 

line 680P 

Lead 612* 

Bismnth 606° 

Tin 442° 

Lead 2, Tin 1 (common solder) 475* 

Leadl,Tinl 893* 

Lead 1, Tin 2 (soft solder) 360° 

Lead 1, Tin 1, Bismuth 1 272° 



Wedgewood. 
= 30* 
= 28° 
= 27° 
= 21° 



Szperiments 
of coxumittee of 
the Franklin In- 
stitnte. 



I Lead 2. Tin 3, Bismuth 6 212* 



The authorities expose absurd Tariations, for the high temperatures of fusion, of the 
'ollowing metals: where gold is by some placed at 21{^, copper at 2060°, and silTer at 
Vom 1000* upwards; but it may be practically stated that gold melts at almott vfkUekeat, 
M>pper at itrtmg red, and silver tAfull red; whilst pure wrought iron requires the strongest 
Iteat of tbs wind f nmaoe.~[TiiB Avthob. 

CoicpABATiTX Pbigbs ot Mctals.— Ous pouud of indium will purchase 132.364 pounds of 
ron, about eight and a half of gold, 22M of platinum, 136 of silTer, 1,018 of nickel. 1,664 of 
nercnry. 6.617 of antimony, 7,780 of tin, 10,180 of copper, 17,650 of sine, and 24,070 of 
l«ad.^X«i Mondn. 
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TABIiE OP THE COHESIVE FORCE OF METALS, ETC. 



Wright or tbrcB ntee ss ary to tear asunder 1 Sqiuov inch, in Avairdupou Pounds 



M.«o 

win «1.200 

Oold,CMt 90.450 

wtre 30,888 

Inm, east; gr«7, 9 fusion ao.e^O 

English 52.0U0 

rrencli 70.000 

Uaoft 63,600 

68,300 

Iron, wroiiglit 60,000 

8w«dlah 72.000 

BngUsh 66;872 

German 69,000 

Inn, win ••• Ills* 



Ivon, niisdinm bar. 
inferior l|^ . 



LBS. 

eo.oi 

. ao.on 

?M 

milled 3;rj 

Platiniuu, wire 53.i>i 

SilTor.cast 41.0U 

wire 38JS 

Steel, soft r20,-« 

fine 135.i«< 

razor, tempered 150.iV 

Tin, east block 5/m 

Zinc, east 2,t^ 

sheet 16.W 



Strength of AUoye when puUed in the direction of their Length, 



Golds. Oopperl 60.000 

Braas 45,000 

OopperlO, Tlnl 32,000 

3. 1 36,000 

4, 1 35,«P0 

BtOBSs (gun metal) 90,000 



SUtbt 6, 

4. 

Tin 10, 
10. 
10, 



PAST. LBS. 

Oopperl 48.001 

Tinl 41, « 

Antimony 1 11,0ft] 

Zlncl IS./ii 

1 6,8aO 



WOODS. 



Ash. whits, seasoned 14,000 

red, seasoned 17,800 

Birch 16,000 

Bay 14,600 

Beech 11,000 

Box 90,000 

Cedar 11.400 

Chestnut, sweet 10,600 

cypress 6.000 

Deal, Christiana 12,400 

Sim 13,400 

Vir, strongest 12,000 

(American 8,800 

Lance wood 24,000 

Ugnunvits 11,800 

Looost 90,600 



LBS 

Mahogany 2l,«0 

Spudah 12.000 

Maple 10,500 

Oak. American, white 11.600 

English 10. "GO 

seasoned 13,6^)0 

Pine, pitch 12,000 

Norway 13,0 

Poplar 7,000 

Quince 6.000 

Sycamore 13.000 

Teak. Jaya....* 14,000 

Walnut n.^-JO 

WiUow 13,000 

Yew 8,000 



MISCELLANEOUS SUBSTANCES. 



Briek 990 

Glass pUte 9,400 

Hemp fibres glned together 92,000 

iTory 16,000 

Mspble 9,000 



Mortar, 90 years f^ 

Slate.^ 12,000 

Stone, fine grain 300 

Whalebone T,eoo 
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CHAPTER VIII. 



ASSATINO AND REFINING 07 GOLD AND SILYEB. 

The assaying, refining, and parting of gold and siWer are the 
nost important of all metallurgical operations ; for they are 
aot only valuable metals in themselves, but also those that are 
iiniversally used as representative mediums for obtaining posses- 
sion, by exchange, of everything of the slightest utility or value. 

Profitable quantities of either, or both, may be so equally dis- 
seminated or scattered throughout rocks, as to lie in perfect con- 
cealment, from even the experienced observer; whilst the more 
ordinary explorer for fortune may, for lack of knowledge in test- 
ing and assaying, stride over and pass immense riches, in a state 
of most deplorable unconsciousness, to more distant regions of 
hopeless poverty. 

Therefore, considerably more space has been devoted to these 
precious metal subjects than for those of the more readily known 
and less valuable base minerals; so as to supply, under all dr- 
cnmstances, some ready means, from the many given, for ascer- 
taining both their presence and value. 

1. Of Gold and Silver, fluxed toUh (he harmleas excesses of iron, 

litharge, and carbonate of soda; some litharge being «imu2to- 
neously reduced, by charcoal, to a suitable button of lead, 

2. Cupellation of lead button to obtain Gold and Silver. 

3. To ccdcukUe the ounce and coin values per ton. 

4. New method for dispensing with calculation for dollars and 

ounces, and all other coin or weight values, per ton. 

5. FreUminary roasting of suitable quantities for orucible or 

machine^ and subsequent fusion wUh safe fluxes. 
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6. Separate first oxidaHon of the base minerals by fusion toUk 

nUre, and prompt secondary reduction by the decomposing and 
reducing JUixes of litharge, carbonate of soda, and charcoal, 

7. Water analysis, and direct fusion by appropriate \quantiiies of 

nitre, and other suitable fluxes, 

8. Double smelting method. By experimental preliminary fire 

assay, for first lead button, so that it may be properly fiuxed 
in the second and real assay, to obtain a button of suitable su^ 
for cupeUation. 

9. Assaying of Oold and Silver by scorification. Assaying furnace. 

Hints for simplifying operations during smelting, scorifying, 
and cupeUing, by an alphabetical and numerical cabinet. 
Ifluxing the sample, and scorification in muffle. 

10. Assaying auriferous sulphur et and free Oold by preliminary 

water concentration, finished after roasting, by crucible, sco- 
rifier, machine or blow-pipe, so as to ascertain how much can 
be obtained by chloridation. A, B, and C. 

11. Assaying free Oold after water concentration, by mercury, cru- 

cible, scorifier, and machine or blow-pipe, to know what can 
be obtained by amalgamation. A, B, and C, 

12. Assaying free Oold in quartz, by water and ordinary tools; 

and then smelting into button, by machine or blow-pipe, 

13. Oold and Silver assays urUh common blow-pipe, 

(By the elaborate methods described in books.) 

14. Management of scales, when weighing small buttons of Oold and 

Silver, with modes of calculating results in hundredths and 
thousandths, or ounce and money values per ion, 

16. The assaying of Silver ores by the ** Wee Pet*' machine. 

16. The assaying of Oold quartz by machine, in its own independent 

way, after water concentration, by fluxed fusion; reading the 
dollars per ton, for Oold, at sight, by the same figures as those 
used for the self-calculafion of Silver, under the last heading. 

17. Assaying Bullion by blow-pipe and machine, for dollars per ton 

and thousandths fine . 

18. Assaying of Oold sulphurets after concentration by rf^asting, acui^, 

and waler; by smelting the residue with machine or blow-pip^. 



metallurgists' companion. 26S 

19. Assaying of Silver by roasting, add, saU, and machine or 

blow-^ipe. 

20. Assaying of Silver by ammonia, add, salt, arid machine or 

blowpipe, toUhout roasting, 

2X . Humid assay of all binds of Silver ores. 

22. The '* volumMric " assay of Silver by salt solution. 

23. Assaying of Gold by aqua regia,]etc. 

24. Assaying of Gold by chlorine gas. A, B, and C. 

25. Assaying of Bullion, or parting Gold from Silver and the base 

metals, by furnace and add. 

26. Extraction of Silver from a fluid alloy of^ Gold and Silver, by 

chlorine gas, 

21 . Parting of Gold and Silver, when amalgamated with m>ercury, 

28. Refining of Gold and Silver from all sources. 

29. Tables for the coin values of Gold and Silver, at all degrees of 

fineness. 

It requires an especial education, as well as long and varied 
practice, to become a thoroughly good commercial assay er; for, 
by fluxing improperly with the more potent chemicals, for lack 
of knowledge and minerals' constituents; or by excess of heat, 
incomplete or protracted fusion of the sample and purification of 
button, for want of practical ability; the greatest errors will be 
continually recurring : so that not only is a complete knowledge 
of the minerals necessary, but the exact actions that will be ere* 
ated by correct proportions of such fluxes as shall best de- 
compose and oxidize or reduce to metallic states; and also the 
equally important knowledge as to the proper appearances of 
pure buttons of gold and silver. 

In treating this subject, it will therefore be necessary, so as to 
conform to the practical requirements of the public, and to the 
generally expressed purport of this book, to avoid the more diffi- 
cult and uncertain direct methods, where such dangerous and 
treacherous fluxes are required; and to favor the more exacting 
and available preliminary chemistry of fire for roasting such 
changes, that ordinary and safe fluxes shall, at high temperatures, 
form sufficiently fusible slags for complete reduction and col- 
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leetion of their oonqnered and more tractable oonstituents, ini 
the Bunultaneously reduced button of lead from litharge. Thej 
are thus collected and united by the lead as alloys which ah 
contain the precious metals; and then cupelled in the m 
manner.* 

ASSAY OF OOLD AND SILVER BT OBUOIBLS. 

Take any sample of mineral which has been so pulverized that 
not less than 3600 will pass through an area of one square incb,| 
(60 to a lineal inch,) and mix it very intimately, by most con^ 
scientiously treating it as described in Chapter I of this Sec- 
tion, on the systematic preparation of the sample, both before, 
and after sifting; and, if any time has intervened, this should be 
again repeated just before weighing; so that none of the fine or 
heavy particles that may have settled to the bottom, shall thus 
cause inaccurate results. When absolutely correct assays are 
required, you should not forget to closely observe the upper side 
of the sieve, for flattened disks of gold, copper, or silver, and 
cakes of tough chloride or bromide of silver, which had not 
passed through; so that, if any are found, they can be collected, 
cupelled with lead, and weighed; by which their ratios to the 
weight of the whole pile, and by calculation to the sample, may 
be known. If moderate accuracy is sufficient, the sieve may be 
inverted and lightly struck with some hard substance, to over- 
come cohesion and detach the adhering particles, so that they 
may fall on the pile, and be then thoroughly and equally mixed 
therewith. To more fully accomplish this desirable result, the 
gauze of the sieve should also be rubbed over the exterior top 
with the finger, so as to release what may have been confined 
within the meshes. 

After this pulverization and sifting, the resultant heap, by be- 
ing mottled and more or less stratified, will be irregular in its 
quality, because the softer and more friable pieces passed through 
first, and these are often richer than the longer-resisting quartz- 
ose gangue. It is a complete fallacy to suppose (as many do) 
that the sieve is in itself an equalizer; for the^very reverse is thus 
shown to be the case, by the variously colored stratifications on 
the sifted heap, and therefore it is imperatively necessary for 

* The materials that are required In this Assaying and Discrimination section may be 
obtained, (when ordered by the names given,) from any respectable chemical firm. 
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perfect homogeneity that it should be again mixed as before by 
repeated collections to the center, and trailings by the finger of 
watch-spring shaped furrows, from the center outwards, before 
the sample is taken for the assay. (See Chapter I, Section III.) 

1. THE MOST BEFRAOTOBY SAMPLE OF GOLD OB SILYEB MAY BE SMELTED 
STRAIGHT THBOUGH, IN OBUCIBLE, BY ONE OPEBATION; IN THE FOL- 

liOwmG manneb: 

Select a good crucible, about six inches in height, and three 
inches internal diameter. Weigh (with a balance that should 
at the worst, turn with one-tenth of a grain) 200 grains of this 
sample, taken from many places around and throughout the pre- 
pared heap, which dry in a porcelain basin, by placing it as a lid 
over a coffee-pot or kettle-of boiling water, if no better means 
are at hand, to ascertain its loss of *' water- weight," by re-weigh- 
ing; when necessary to do so for the American or English mar- 
kets, according to their different practices. In weighing the 
quantity for assay, on an unknown or common balance, it is 
more correct to first place the weights in the same pan as the ore 
is to be weighed, and after balancing the beam with some con- 
venient material, to then remove them and substitute ore until 
the leyer with its pans are again brought to correct balance. 
This method will give exact results, even if the sides of the beam 
are of greatly unequal lengths. 

Place this weighed sample of 200 grains in a clean, dry saucer, 
and add thereto 4000 grains of litharge, 400 grains of carbonate 
of soda, and about 20 grains of finely pulverized charcoal. Mix 
most intimately in the manner described; transfer it to the cru- 
cible, and vertically insert therein a four-inch iron nail, which 
will aid in the riddance of the sulphur by forming a sulphide 
of iron slag. Next loosely cover it with 50 grains of borax 
gla89; and, lastly, by an equal layer of common salt. 

Borax glass is produced by being previously fused at a red 
heat in a crucible, and poured into a frying-pan or mould, which 
reduces it to a compact glass, by expelling the water of crystal- 
lization. 

Place this crucible in a moderately strong fire; surround and 
support it securely by charcoal or coke (the latter makes the bet- 
ter and more enduring fire), then cover it with a large piece, and 
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increase the heat of the fire as rapidly as possible; notice when 
the crucible becomes bright red and its contents are in fusion, 
and allow fifteen minutes more to pass away beyond that time; 
then stir the contents with a quarter-inch iron wire, preyiously 
made white-hot in the fire, for about five minutes; and after clos- 
ing the furnace for another fifteen minutes, so as to produce the 
greatest possible fluidity, carefully withdraw the crucible from 
the fire, tap it gently on a flat, hard surface of iron, brick or fire- 
rock, to precipitate from the slag any floating globules of lead, 
for union with the larger button of general alloy at the bottom, 
and allow the crucible to rest in a yertical position thereon until 
quite cold. As this method yields a large button of lead, it had 
better be cupelled in the scorifier full of bone ash, as will be 
described under the next heading of '* Cupellation of Button." 

The unusually refractory sample of this example was intention^ 
ally selected because of its being almost entirely composed of 
sulphurets; but it will generally be advisable to concentrate by 
water, and to dry and weigh as described, to ascertain the quan- 
tity of sulphurets, and treat accordingly, so as to economize 
fiuxes. The minimum weight of these will, however, be, for 
even ores that contain no sulphurets, as follows: 

For 200 grains of ore, 

200 grains of litharge, 
100 grains of carbonate of soda, 
6 grains of powdered charcoal. 
Cover by 50 grains of borax glass, and this by a table-spoonful 
of salt; the litharge, carbonate of soda and chareoal, being the 
variable quantities over these amounts, according to the quantity 
of sulphurets present. 

If you have many assays of this class to pass through, you may 
make a self-calculating scale, like that illustrated by Figure 26, 
under the heading of " Water Examination and Direct Fusion 
with Nitre," so as to economize fluxes. 

2. CUPELLATION OF BUTTON. 

One of the suitably porous materials must now be selected, 
and cupels made therefrom in the ordinary moulds, so as to cu- 
pel the button thus obtained from smelting: these may either be 
bought ready for use, or made in the following manner: 
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Take some bones, either beef or mutton — the last are better — 
which bum in a moderately hot fire for a few hours, until they 
become quite white. Pulverize in a mortar, and, after sifting 
the whole through a fine sieve, next rid it of its soluble lime by 
water-washing, vnthout rubbiruff, (which will, by smoothing its 
angnlarity, lessen its cohesive strength,) then pour the water into 
another vessel, so as to settle the impalpable and insoluble 
powder, when the water may be finally poured off, and the con- 
tents of both vessels slowly dried and separately bottled. 

Oupels may be made in two ways, for present use, or as re- 
served stock. The first I have made by ramming moderately 
moistened bone ash from the first and largest bottle into an old, 
previously used scorifier, and then shaping a concavity for the 
button with some suitably formed tool, that happened to be 
aroimd. These, thus easily made, are very suitable and safe, 
where large buttons of rich metal have to be refined by cupella- 
tion; as the enclosing scorifier not only thus readily forms and 
retains a large quantity of ash, but colkUeraUy secures its con- 
ients. A percussion-cap box may be used in the same manner, 
if the ash is slowly dried, as it serves for a mould, and, before 
the solder gives way, the cupel will become sufficiently secure. 

You should avoid the use of a silver spoon for smoothing the 
rough bone-ash for cupel, as the silver would be likely to rub off 
and falsify the result. 

Those who are comfortably fixed,|had better buy the more fra- 
gile naked cupels, or make them by especial '' cupel moulds," as 
sold for the purpose. The ash, in this case, is made just barely 
wet enough to hold together, and rammed into the mould with 
a suitable pestle, by a wooden mallet, when the thus formed cu- 
pel is^forced out, during the twisting of the pestle, slowly ]]|dried, 
and stored for use when required. 

In both these modes of manipulation, the cupels will be greatly 
improved in quality, when the slightly moistened pestle, after 
being dipped into the finer ash from the second bottle, is replaced 
into the mould, so that the surface of the cupel may be smoothed 
by suitable pressure and twist. By thus forming a compact 
surface filter for the base oxides to pass into the more porous 
interior, the loss of gold and silver is not only lessened, but a 
better bed for minute buttons is also provided. Oupellation is 
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thus performed because gold and silyer, by oxidizing very slow- 
ly, keep a substantial globe on the surface, for a very long time 
after all the base metals have oxidized by dry sublimation in air, 
and liquid or fluid infiltration into the porous support. 

The cupel, or cupels, should have been dried and placed in 
the hot muffle during the smelting operation, so as to be in the 
proper condition, at high red heat, for the reception and speedy 
liquefaction of the button for refinement. 

The perfectly cold crucible may now be carefully broken, and 
its contents of slag and metal enclosed in a strong rag or several 
folds of paper, and smashed with a small hammer and anvil, or 
between two hard stones, into numerous small fragments, so that 
the metal may be extracted from the scattering debris, in one 
or more buttons of the alloy. 

This method for separating the slag and retaining the button 
is only intended for those who may be deficient of more regular 
assaying tools. 

These buttons must now be thoroughly cleaned, by hammer- 
ing or pliering into solid forms; and thus further ridding them 
from the adhering flux and slag, by crippling the surface and 
compaction of the metal, they are more easily cleaned with a 
brush; their specific gravity being also increased by this com- 
pression, they are then more readily fused to lively knd bright 
molten metal upon the hot bone ash in muffle, for an effectual 
start forward in refinement to gold and silver. 

The button being placed on this bone ash scorifier or cupel, in 
the muffle, it must be watched for a minute or two, to see that it 
becomes fluid to molten brightness, and that it does not run 
over the margin. After this, a medium or high red heat is all 
that is required, just between the freezing on the bone ash of the 
oxide of lead thus formed, and excess of white heat: if the bone 
ash is sufficiently hot to absorb the oxide in liquid condition 
without leaving a surface incrustation, and the metal is molten 
and transfers colored spots of oxide from the center to the cir- 
cumference of the button, and the fumes are reddish brown, 
arising lazily to mid-height of the muffle, it is at a proper degree: 
but if the cupel and button and the volatile oxide are quite white, 
and the fumes arise from the button to the yeiy top of the muffle, 
»* ^R too hot, and consequently wasteful. 
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At the end of this process, the heat should, however, be in- 
creased, by moving a little inward, as gold and silver melt at a 
much higher temperature, and ; their concentrated alloys at a 
corresponding degree; so that a superior heat is absolutely neces- 
sary to continue complete fluidity, for passing off its more stub- 
bom, last-remaining base metal associates. 

Towards the end of the refinement, a rapid circular motion, or 
spinning of the last oxides, may be observed, which is also ac- 
companied by a flashing play of rainbow colors immediately pre- 
ceding what has been called the *' brightening " of the silver and 
gold; which is also the signal of completion, and for removal 
from the muffle. This so-called brightening is not well express- 
ed, for it is really a darkening from the rainbow play of colors 
to that of a mirror in a shadowed position, or a water-like ap- 
pearance, that the globule sometimes for a few seconds approaches 
more to being altogether invisible than brightly so. 

On removing the cupel with a pure silver button from the 
muffle, it exhibits during cooling, first a flash of light of the whole 
exact size and shape of the sphere, and then after a few more 
seconds, small warty protuberances begin to burst out as if from 
miniature volcanoes, this has been supposed to be occasioned 
by the escape of oxygen, which, having lost its affinity for silver 
from reduction of temperature, escapes thus suddenly through 
the solid crust in this mannerj; sometimes one may appear, and 
at others several, the latter giving a peculiarly rough frosted ap- 
pearance to the whole surface. These are faithful records that 
the button is free from base metals, and chiefly if not entirely 
composed of pure silver. Silver is the whitest metal, and flattens 
like lead to a thin disk without fracturing the edges. Gold is 
the only yellow metal; the yellow alloys called brass should have 
passed away with the litharge into the bone-ash. (See foot notes 
at pages 227 and 250.) 

Large buttons must be cooled more slowly, or a considerable 
loss may be occasioned by this peculiar spurting. 

When a very large quantity of nickel, copper, or iron, is 
present, it will be sometimes observed that the button lacks flu- 
idity, and cannot be oxidized to less than a certain size, where it 
solidifies or forms an incrustation of oxide from the refractory 
metal; in such cases more lead must be added, so that by form- 
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ing more oxide or litharge, it may be liquefied and passed into 
the ash, until it is completely ridded from the incumbrance."^ 

3. TO OALOUUkTB THB YALUB OF A THUS OBTAINED BUTTON, IN TBOT 
OUNCES, OB DOLLABS PEB TON, TOU IIAX BEASON AND PBOGEED AS 
fOLLOWS: 

The 200 grains have been here Eelected as a suitable quantity, 
that also conforms to the American ton, for estimating gold and 
silver, both as regards the number of units, for more plainly ex- 
plaining the basis for calculation, and to be sufficient for most 
gold rock, as well as for affording a large average on the silyer 
ores. Any quantity taken for the assay has been conventionally 
denominated the ** assay pound" by authors, for no apparently 
good reason; so that we will multiply this 200 by 10, and call it 
the assay ton (of 2000 pounds), and the weight that equals one- 
tenth of a grain shall be denominated the ' assay pound,' or one- 
two-thousandth, both being avoirdupois. This pound being 
always thus regarded as the unit for calculation by the decimal 
system, the point standing at its right, thus — 1. 

Now, as the 200 grains contain 2000 tenths of one grain, this 
one-tenth being unity, it stands in similar ratio as one pound 
does to the ton of 2000 pounds; so that, if the sample just assayed 
yielded a pure button of gold or silver of this exact weight of 
one-tenth grain (the space in the box for this unit should be 
marked), it would stand as unity, with the decimal point on its 
right, and would also mean that 2000 pounds, or the ton, had 
yielded one pound of gold or silver, and that as ounces or dollars 
must be certificated, all that remains to be done is to multiply 
it by the number of ounces troy, or dollars that are contained 
in this avoiidupois pound: thus, for ounces of gold or silver; 
I.xl4.58=i4.58 oz. per ton; and l.xl8.85=18.86 $ >ilver per 
ton; and 1.x 301.367=301.367 % of gold per ton; which is contin- 
ually varied as the results; thus, a sponge of gold from an alloy 
of the above weight may weigh, after it is partedffrom silver by 
acid, .01 of a grain's tenth, which, being multiplied by 301.367, 
will equal 3.01367, or 3 | .01 cent gold; and, if^ this weight be 
deducted from the original button that weighed 1. it will give the 

*It must not be undentood that these exndatioiis are certain eyidencee that the wftolc 
bntton \%pwrt nZoer. for although ha$€ metals are abuni, gold may be present; aa it reqnirei 
• considerable value in gold to completely prevent their formation. 
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correct weight of silver; or the remainder of .99 thus obtained, 
multiplied by 18.86, will equal 18 $ .66 cents per ton for silver. 
VVlion accuracy is imperatively necessary, certain additions and 
reductions are sometimes made to the weight of the button thus 
ol>tained, previous to its being certificated for commercial pur- 
poses. The first has been alluded to when disks of metal, etc. , 
are found in the sieve, which may be thus calculated. If the 
weight of the pulverized pile, including the disks, is 1122 grains, 
and the disks .09 (or nine-hundredths of a grain), first, for a bet- 
ter explanation, multiply each by 10, so as to get them into cor- 
responding units, (or assay pounds), with the sample, and they 
w^ould stand thus: 11220 tenths of a grain, and .9 (nine-tenths 
of one grain). Now, if 11220 tenths give .9, what should be 
tlie allowance for the assay ton of (200x10) 2000 tenths? 2000 
miiltiplied by .9=1800.0, which, divided by 11220, will give .16 
to be added to the assay button obtained from a similar amount 
of ore that did pass through the sieve; so that, if this assayed 1. 
as before, the .16 being added, it will then be 1.16 for calculation. 
The next allowance is for the silver in the litharge, or lead, 
which often contains more than should pass unchecked. One 
means for ascertaining this is, after thoroughly mixing your newly 
received litharge, to take exactly as much as you did of the ore 
for test assay, and t^ flux and fuse in precisely the same manner 
as before, to then cupel the button, and deduct the weight of 
silver obtained, which may be supposed to have been .01 of the 
unit of one-tenth grain; the former figures will have to be cor- 
rected from 1. to .99, which being multiplied by 14.58, or by 
18.86, will respectively give the correct value in ounces, or dol- 
lars of silver per ton; the weight and value of the residue of gold 
being precisely the same as before. This explains the principle, 
but in practice it will be better to take tests of silver in litharge 
and lead, for all the quantities used in crucible and scorifier as- 
says, to calculate the dollars and cents instead of weight reductions 
for each, and book them for reference as required for subtraction, 
from the full weight false value. 

It will be well to dissolve this button from test lead in nitric 
acid, so as to be certain that the lead contained no gold, as it 
almost invariably contains silver, and sometimes a little gold. 

If the large English ton of 2240 pounds is required, by taking 
a corresponding assay ton of 2240 grain tenths, the same multipli- 
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era may be retained. Suitable multipliera may be also directly 
used for any other quantities that are taken for the assaj, from 
*' rule of proportion/' or proper multiplication and division; in 
this matter, divisible numbero of 2000 and 2240 had better be 
taken as 1000 or 1120 for half tons; 600 or 660, quarter tons, &c. 
(the latter being suitable for scorifioation); and either multiply 
the weight of the button by 2 or 4, &o. , and then proceed to cal- 
culate as before, for a full assay ton; or multiply the aforesaid 
multiplying numbera by 2 or 4, &c., for directly constant mtdti' 
pHers for buttons obtained from these respective quantities. See 
tabular multipliera under heading 14, for weighing and calculat- 
ing values of small buttons. 

4. OALOULATIOM ICAT BB ENTISBLT DI8PSNSED WITH, BOTH FOB OUKOBS 
AND DOLLABS PEB TON: 

By taking a similar nominal weight or quantity equal to the 
number of ounces (29160) and doUara (37710) contained in a ton, 
instead of the "assay ton" just explained; you may have the 
result represented in ounces or dollara, for different tons by the 
weights themselves, as they lie in the pan, by decimating two 
right-hand figures thus: 291.60 grains or 877.10 grains for the 
self -calculating *' assay tons." 

If you wish to use this method, it will be better to make espe- 
cial weights for the assay ton, the firat marked ounces per ton, 
the second dollara per ton, &c., so as to save any further recur- 
ring attention. 

To have the result in ounces, take the weight marked ounces 
per ton, for your sample; weigh, flux in proper ratio, smelt by 
crucible, cupel, and weigh the resulting button; the smallest 
aluminum weight of the Oertling's set of weights, or the one- 
hundredth of 1 grain, will then be your unit, and when the 
weights are placed on paper, they will record at sight the num- 
ber of ounces of silver or gold in a ton of say 2000 pounds, or of 
29160 ounces. By dividing the beam into tenths and hun- 
dredths, the hundredths of an ounce will be read by having a 
white silk or thread rider made equal to one-hundredth of one 
grain, which is the representative weight of one ounce. The 
pennyweights and grains may be read with equal facility by di- 
viding the lever, at the other end, into twenty parts for penny- 
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wei^^hts, and these again into twenty-four smaller parts for grains, 
by using the same thread rider. The dollars and cents of silver 
may be ascertained with even greater facility when the appro- 
priately marked assay ton weight of 377.1 grains is used for 
tonnage and the same unit or dollar weight as a rider, the cents 
Y>eing then immediately read on the side of the lever marked into 
one-hundredths. 

The box that contains the weights may be marked units, tens, 
hundreds, thousands, just opposite where they lie in their re- 
cesses; 80 that, by taking and first calling the largest weight or 
weights from the pan, it will sound exactly as it is; thus, 162.36 
grains, after casting the decimal point away, would be sixteen 
thousand two hundred and thirty-six dollars per ton; and then 
again, by supposing the weight .0124 grain, when the rider is 
also used, it would sound one dollar and twenty-four cents, (or 
one ounce and twenty-four hundredths by its assay ton), which, 
being read at the other end of the lever, would be one ounce, 
four pennyweights, and nineteen grains. The ounce result is of 
course common to both silver and gold. 

If gold is required in dollars, either use 15.9873 times (16 times 
is veiy near) as much for the assay ion as this for silver dollar 
weight and value, or multiply the weight obtained by the silver 
ton by 16, for its value in dollars of gold per ton. This 
self-calculating ** assay ton " for gold will be 6032. grains, and 
then the same weights will represent exactly the same gold value 
as that just described for silver, because the quantities taken for 
samples are intentionally arranged for the purpose. 

This is of course founded on the nominal value of each metal, 
but should real values change, the discount must be entertained 
and allowed for. 

Shotdd ounces be required instead of dollars, from this last 
gold sample, divide by 16 (or the closer decimal numbers)."^ 

These quantities of 291.6 and 377.1 grs. of ore, though suitable 
for crucible, cannot be passed through the scorifier, and when 
intended for silver assays, they must not be concentrated by wa- 
ter, as it would cause great loss of rich fine powder, and obtain 



• This Appeut s laige quuitity, and to maoh fli« b«ittr, for It wm glT6 « Iwgw and Mf «r 
ftrengt, and after the water oonoentratton d««oribed and raoommandad in preceding chap- 
tere, the mneh leaaened hm,yj leaidiie can mlwaya be rerj eaaily treated by sooriller or 
emdble, and aometlmea by blow-pipe. 

i8 



274 THE explorers', miners' and 

far too little value; but it fortunately happens that a tenth of this 
assay ion quantity is just within its power, said to be 50 grains : 
but which, being governed by the natures of the ores, TariesTeiy 
much, and therefore 37.71 grains will be the safer quantity. 

To render this practical with the balance, the tenth of the for- 
mer unit must be taken as unity, by using this same unit as a 
rider upon the beam, so that when this rider is moved to balance 
at the first mark, at one-tenth from the fulcrum, it will represent 
one ounce, or one dollar (instead of the one-tenth as before 
stated), and so on from 1, 2, 3, 4, 6, 6, 7, 8, 9, until it reaches 
the tenth mark, which is immediately over the scale pan, and 
of course is 10 ounces or dollars (and the same as when placed 
in the pan itself), the cents, or dwts. and grs. being now read 
between these marks of tenths upon the beam. 

5. ANOTHER SAFE AND EAST METHOD IS IIBST TO DECOMPOSE AND OXIDIZE 

THE BASE MINERALS BY THOBOUOH ROASTINa, AND THEN TO FINISH 
BT USING ORDINART QUANTITIES OF THE FLUXES WHICH FORM FUSIBLE 
SLAGS, AND FLUID ALLOTS. 

Weigh 200 grains of the ore that contains refractory sulphu- 
rets, arseniurets, etc., which mix intimately with 50 grains of 
pulverized charcoal, common black lead, or graphite, and roast 
within a sufficiently large crucible for at least a half-hour, at red 
heat, during almost continual stirring. Bemove it from the fire, 
and, if no fumes arise, this process may be considered to have 
been well performed; but if, however, they can still be detected, 
even by odor, the sample must be pulverized in the same vessel 
by grinding, then remixed with a similar quantity of charcoal, 
and be again roasted, until no more fumes are volatilized. 

To this roasted ore (which weighed 200 grains before roasting), 
add 400 grains of litharge, 100 grains of carbonate of soda, and 
exactly 6 grains of charcoal (so as to reduce from the litharge by 
this amount of charcoal, the proper weight of lead for cupella- 
tion). Mix intimately, cover with 50^grains of borax glass, this 
again by a tablespoonf ul of common salt, and then smelt, cupel, 
and calculate as before. 

6. IT MAT BE PERFORMED BT SMELTING, DIVIDED INTO TWO OPERATIONS, 

AS follows: 
The first being the oxidation of the base metals by nitre, the 
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second, by charging thereon, (after the strength of the nitre has 
been neutralized and volatilized,) a mixture of litharge, charcoal 
powder, and carbonate of soda, to more promptly collect the 
gold and silver by the shower of molten lead thus reduced and 
precipitated, to a suitably sized button, for cupellation. 
The advantages of this method are: 

1. That it extracts, without roasting, as much of the precious 
metals as any other crucible mode. 

2. That it may be performed with much less knowledge of 
the chemistry of fire and fluxes, without risk of insufficiently 
correct results. 

3. The nitre being first and separately used, in sufficient quan- 
tity for the worst ores, thoroughly oxidizes the base minerals 
without interfering with the proper size of the subsequent lead 
button which by the ordinal^ method has to be simultaneously 
produced (after the test assay) by proper fluxes. 

4. It does not oxidize the precious metals. 

5. The button of lead for cupellation may be thus promptly 
and correctly reduced from the oxidized mass by subsequent addi- 
tion of litharge, carbonate of soda, and charcoal, to the desired 
size for obtaining the greatest amounts of gold and silver by 
cupellation. 

6. It requires neither separate crucibles, nor doubly fluxed 
and smelted '* preliminary" tests and real assays, but may be per- 
formed by the same fusion, in the following manner: * 

Take (the worst of all examples) a sample of finely pulverized, 
very closely concentrated, unroasted sulphuret of iron, that con- 
tains but little gold, and weigh out 200 grains, in the careful 
manner described for previous assays. Now, to completely oxi- 
dize the sulphuret of iron by fusion with nitre, it will require 
about 2J parts of the latter to 1 part of the former; so that we 
must now add 500 grains of nitre, and thoroughly mix in a cru- 
cible with the 200 grains of ore, which should occupy about one- 
half the capacity of the crucible, as this flux, being somewhat 
violent in action, would otherwise, more particularly when char- 
coal happens to be also present, discharge some of the contents, 
and cause considerable loss. Place the crucible into a moder- 
ately hot fire, and after the sample is smelted into a state of com- 
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plete fusion, which will occupy about fifteen minutee, stir it with 
a hot iron wire for about five minutes; then add quickly, with a 
long-handled scoop, an irUimaie mixture of 200 grains of litharge, 
200 grains of carbonate of soda, and 6 grains of finely pulverized 
charcoal, previously prepared and scooped for more immediate 
charging. Smelt at full heat for ten minutes, and if then quite 
fluid, withdraw it from the fire, tap the crucible upon the hearth 
to settle the lead, and, after it is quite cold, break it and extract 
the button, when after it is cleaned and properly solidified, you 
may cupel to a pure globule, and calculate for value as previously 
directed. If the operation has been well performed, this button 

from the crucible should weigh from 150 to 180 grains. 

> * 

7. WATEB EXAMIMATION, AKD DIRECT FUSION WITH NITBB, XTO. 

Concentrate 200 grains by water, dry the heavy residue in a 
basin or plate, over a suitable pot of boiling water, and carefully 
examine for the different sulphuret minerals, which separate into 
heaps, and weigh for more accurate and economical fluxing by 
nitre, litharge, carbonate of soda, charcoal, borax, and salt, 
assisted by the following table and geometrical device: 

To oxidize 200 grains of sulphuret of iron, it requires about 500 

grains of nitre. 
To oxidize 200 grains of sulphuret of copper, it requires about 

400 grains of nitre. 
To oxidize 200 grains of sulphuret of antimony, it requires 900 

grains of nitre. 
To oxidize 200 grains of sulphuret of lead, it requires 67 grains 

of nitre. 

Now, having ascertained by water concentration how much of 
either of these sulphurets are contained in your sample of 200 
grains, you can weigh another sample of 200 grains, and add 
thereto the exact amount of nitre required, which may be ascer- 
tained in the following manner: If say 20 grains of the sulphu- 
ret of iron were obtained, it would require but just one-tenth as 
much nitre as it did when the whole 200 grains of sulphurets 
were present. Or, by proportion, if 200 grains of sulphuret of 
iron required 500 grains of nitre for its complete oxidation, how 
much nitre would 20 grains of sulphuret of iron require; or 
'^"^asSO grains of nitre. 
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When many assays are required, muah time may be readily 
saved by nsiiig the device of Figure 26, either for these or any 
other ratios, as follows: 



Lay out a straight base line upon a suitable board or table, 
which divide, from left to right, into 200 equal parts, (to repre- 
sent the grains of the assay); erect (by a square) at the extreme 
right, on the two -hundredth mark, a perpendicular line, which 
also mark off, by commencing at the bottom, equal units, until 
the maximum number and height of 600 are obtained (the great- 
est quantity of nitre required), and mark every tenth division of 
the base and perpendicular lines with their proper figures. Kext 
draw /our diagonal lines from left to right, the Jirgi commencing 
at the zero of base (or left end of the 200 line), and ending at 
the 500, or top of perpendicular; the second, from this zero to 
the 400 of perpendicular; the third, from zero to 300; and the 
fourth, from zero to the 67 grains of nitre required for oxidation 
of 200 grains of sulphuret of lead, and it is complete for immedi- 
ate reference, for ascertaining how much nitre is required for the 
oxidation of any fractional number below 200 grains of either of 
these Bulphorets. Any number of other diagonal lines may be 
also drawn on the same board or paper, and. suitably marked for 
the particular sulphuret or purpose, for which the ratio of this 
or any other flux is required. The base line maybe also divided 
into hundredths when preferable; or into both at the tame time. 
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by darhening the aUenuUe marka, and figuring both over and un- 
der the line; the first showing one-hnndiedths, and the second 
two-hondredihs. 

All that is necessary to be done for using the instrument is to 
apply a square to the board, so that its perpendicular edge shall 
stand over the figure on the base line, that represents the -weight 
of the concentrated sulphurets, say about 60 grains; then, -with 
an open compass to gauge the perpendicular distance from the 
base line to where the square's edge crosses the diagonal line 
that is marked for the particular sulphuret required; next trans- 
fer the compass to the graduated vertical line; the one point 
beiog placed at the angle of intersection of base and perpendic- 
ular, the other will point to the exact quantity of nitre upon the 
vertical scale, that will be required to oxidize that particular 
metallic sulphuret. To render the compass unnecessary, the 
right-hand side of the blade of the square may be graduated 
so as to serve for measurement. 

If two sulphurets are present, they must be separately reduced, 
by the proper quantity of the particular flux required for each 
metal. 

The base line may also be divided into 50 equal parts, for the 
number of grains used in scorification, and the perpendicular into 
suitable unequal parts, commencing from 6 parts of lead at the 
base, (the least quantity of lead taken for the 50 grain assay), 
when iroUj^ copper, or nickel, are absent, and so graduated that 
the correct number of necessary additional parts of lead may be 
measured by the compass, when transferred from the perpendic- 
ular height over the fractional concentrated quantity to the end 
scale, for the most economical proper fusion of such refractory 
minerals when they are present. 

These calculations may be indefinitely modified by using differ- 
ent vertical and horizontal scales; and may be performed by 
a single angle of diverging lines, if separate scales, of the ex- 
treme vertical length, be individually divided to the number of 
parts required to oxidize the 200 or 100 grains of sulphurets. 
Thus, if the first vertical, smallest angle of measurement of the 
67 were divided into 500, it would serve also for the fractional 
ratios of that number, when measured by its parallel and vertical 
line from the base, as is now done by the largest angle, when the 
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reduced distance of the compass points are placed thereon, to 
ascertain the number of grains required, as denoted on its scale, 
under the upper point. An ordinary oblong table may be used 
for this purpose, by simply laying out the base line of 50 inches 
in len^^, divided into 200 quarter-inch parts; and erecting the 
perpendicular 31^ inches high, of 500 sixteenths 'of an inch long. 
Or a piece of plank may be used, of half this width, divided into 
500 thirty-second-inch parts. Also a common school-slate. 

This exact quantity of nitre being ascertained, must now be 
added to the 200 grain assay, with about 400 grains of litharge, 
200 grains of carbonate of soda, and, if no lead is present, exactly 
6 grains of pulverized charcoal; but, if any lead ore is found, 
every 40 grains of ore should exclude about 1 grain of charcoal 
Mix very intimately, and transfer it to a crucible that would hold 
at least thrice this quantity; and, after first covering it with about 
50 grains of borax glass, and lastly, with a tablespoonful of salt, 
it may be smelted, cupelled, and calculated in the manner de- 
scribed under Nos. 1 and 2. 

In addition to this mode of fluxing, it will be convenient to 
remember this general fact in the chemistry of fire, that the base 
mineral which contains the gold and silver must be either oxi- 
dized or reduced before all the precious metals can be collected, 
and it may sometimes be advantageous to add a little of each in 
this last stage for more complete reduction. 

For example, if the rich and very stubborn antimonial sulphu- 
ret of silver should be present, (a no uncommon thing in this 
country, ) cyanide of potassium would be its most effective redu- 
cing agent. 

8. DOUBLE SMELTING METHOD BY PBELIMIKABT FIBB ASSAY, FOB FIB8T 
LEAD BTJTTON ; SO THAT IT MAY BE PBOPEBLY FLUXED IN THE 
SECOND AND BEAL ASSAY, TO OBTAIN A BUTTON OF SUITABLE SIZE 

FOB OUPELLATION. 

« 

This mode of assay has been recommended and fully described 
by John Mitchell, in his large Manual on Practical Assaying; 
and as he has, in these paragraphs, fully exposed the dangerous- 
ly doubtful actions of fluxes, and also given the means used for 
testing the reducing and oxidizing powers of argol and nitrate of 
potash, and fdr the assaying litharge for silver — ^all of which, as 
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well as the test lead (which is known by oupellation) must be 
invaiiablj examined and allowed for by jou, if accuracy is required 
— ^I have quoted his instructions as follows: 



•« 



nraoiAL DnuBcnoiit worn ram orvoiblb jmulY ov obss akv wnasAHosM of tbx vnunr clai* 



** The one and •ubtUacet belonging to thli clan may, for the convenieoce of assay, be 
furthor mibdlTlded on the following principle. It baa already been seen that snlpbur. 
and other anbataneee haTing a great attnlty for oxygen, reduce metallic lead from litharge 
In proportion to the amount of reducing matter present; and, as it is necoBsary in this 
kind of assay that no more than a certain quantity of lead alloy should be submitted for 
cQpeUation, some kind of control must be exercised by the assayer, to keep the quantity of 
lead reduced in due and proper bounds. This is readily accomplished by what the autbor 
calla a ' preliminary assay,* by which all ores and subttances of this class are divided intu 
three sections Firstly, ores which, on fusion with excess of litharge, give no metallic lead, 
or less than their own weight; secondly, those which give their own weight, or nearly their 
own weight, of metallio lead ; thirdly, those which give more than their own weight of 
metallic lead. The preliminary or olassiAoation assay is thus conducted. 

*' Carefully mix 90 grains of the Anely pulverized ore (all silver ores must he pamed 
through a sieve with 80 meshes to the linear inch) with 600 grains of litharge; place the 
mixture in a crucible which it only half fills; set the crucible, after carefully warming, is 
a perfectly bright fire, and get up the heat as rapidly aa possible, so as to finish the opera- 
tion in a short time, to prevent the action of the reducing gases of the furnace on the oxide 
of lead, because, if a great length of time were taken in the operation, a portion of the lead 
reduoed might be traceable to the furnace gases, and the result of the experiment vitiated. 
After the contents of the cmcible sre fully fused, and the surface perfectly smooth, the 
crucible may be removed and allowed to cool, and, when cold, broken. One of three cir- 
cumstances may now present itself to the assayer: Firstly, no lead, or less than 20 grains. 
have been reduced ; secondly, 90 or nearly 20 grains, more or less, may be reduced; and. 
thirdly, more than 90 grains may have been reduced. 

'* Now, as it has been already stated, 900 grains of lead alloy is a suitable amount to cupel ; 
and, as 900 grains is the best quantity of ore to submit to assay, it will be evident that ores 
and substances of the second section, or those bodies which give their own weight, or 
nearly their own weight, of lead alloy, simply require fusion with a suitable quantity of 
litharge and an appropriate flux. Ores of the first secti on require the addition of a reducing 
agent, in quantity equivalent to the standard amount of lead alloy (900 grains) ; and ores of 
the third section require an equivalent quantity of an oxidising agent, or an amount of 
some bo<ly which will oxidise the lesd in excess of 900 grains of slloy. 

*' The reducing agent employed is argol ; the oxidizing agent, nitrate of potash. It is 
necessary, before commencing an assay of a silver ore, to determine how much lead a given 
weight of the argol the assayer has in use will reduce, as also how much lead a giv«-D 
weifdit of nitrate of potash will oxidise. These assays are thus made: 

** Assay of Rxduoino Powbb or Abgol.— Carefully mix 20 graina of the argol to be tested 
with 000 grains of litharge and 900 grains of carbonate of soda; place the mixture in • 
suitable cmcible, and cover with 900 grains of common salt. (It is best to mix two such 
quantities, and take the mean of the results.) Fuse with the precautions pointed out io 
assay of substances of the first clsss, containing lead. Weigh the resulting buttons, and 
take a note of the mean weii^t, which will represent the amount of lead reducible by 90 
grains of ugol. 

** AasAT or OzinzziMO Powsn op Nrbatk or Potasb.— Mix 90 grains of finely powdered 
nitrate of potash, 60 grains of argol, BOO grains of litharge, and 900 grains of carbonate of 
Boda ; cover with 900 grains of common salt, and fuse as above. Weigh the resultlBg button. 
Now calculate the amount of lead which should have been reduced by 60 gralni of argol. 
and the difltarence between that and the amount of lead reduced in this^experiment will 
represent the amount of lead oxidised by 90 grains of nitrate of potash . 80 to 39 grains of 
ordinary red arffol rednoe 900 grains of lead; and 98 graina of pore nltmileof potash oxi- 
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dtn aboat 100 gnUiu of IflMl. The iMayw miut, hommae, sdopt ttie munbam found bj 
biniMlf toy experiment, m tome samplee of argol and^nltre ure more or len Imimre. Be 
mnit also examine eTsry fteth trapply of litharge for the amount of lilyer it eontalna, in 
the following manner: 

*' AaaaT of Lixhaxox pob Siltkb.— Mix 1000 gralne of litharge with SO graina (or any 
other quantity that may be, tij experiment, found requisite) of argol, 200 grains of carbo- 
ntteof aoda, and corerwitb salt, ae already directed. Fuse the mixture in a suitable 
rrucible; allow it to cool ; break and cupel the button obtained, as hereafter to be described: 
take a note of the amount of silver obtained ; and. as 1000 grains of litharge is the standard 
quantity for silver assay, the amount of silver, indicated as sbove, is to be deducted from 
the amount of silver obtained in the assay of any silver ore. until that quantity of litharge 
is conaamed. 

*' AaaAT OF Obxs or the Fibst Saonoif.— Make a preliminary asaay, as already described. 
Suppose 10 grains of lead result; then, as 30 have furnished 10 graius, so 200 grains of ore 
would f nruish 100 grains of lead, or 100 grains lees than the quantity best sdapted for cupel- 
latlon ; so that, referring to the assay of argol, and finding that from SO to 32 grains reduce 
200 grains of lead, then it la clear that the reducing power of from 16 to 16 grains of argol, 
in addition to the reducing power of 200 grains of ore, is necesssry to furnish 200 grsins of 
lead alloy. In this case, the ingredients required in the actual assay, or ' sssay proper,' 
would atand thus: 200 grains of ore, 200 grains of carbonate of soda. 1000 grains of litharge, 
15 to 16 grains of argol. These materials are to be thoroughly well mixed, placed in a cru- 
cible which they about half fill, and covered first with 200 grains of common salt, and then 
'^200 grains of borax, and submitted to the fire with the usual precautions; when the flux 
flows smoothly, the assay is complete; it may be removed and allowed to cool, the crucible 
broken, and the button obtained must be hammered into a cubical form, and should ap- 
proxinute.300 grains, either more or less within 10 grains. Two crucibles must always be 
prepared. It will also be here convenient to mention that the argol and nitrate of potash 
are the only snbstances whose quantities vary in the assay of silver ores, the amount of 
these Tsriations being determined by the preliminary or classification assay. 

" AssAT OF Obis of thk Sxcond Sbctioh.— If the preliminary assay of the sample sub- 
mitted to assay furnish from 18 to 22 grains of lead, then the assay proper may be thus 
made: 200 grains of the ore, 200 grains of carbonate of soda, 1000 grains of litharge ; well 
mixed, and coyered with salt and borax, as above. Fuse with due care, and reserve buttons 
of lead for cupellatlon. 

** AaaiT OF Obbs of thb Thxbo Sbotxon.— If the sample on the preliminary assay fur- 
nished 40 grains of lead, then the 200 grains employed in assay proper would give 400 grains, 
or 200 grains of l^ad in excess ; refer now to note-book for quantity of lead oxidised by 
nitre • auppose the nitre pure as Just stated, 23 grains wlU oxidize 100; therefore, 46 grains 
are equivalent to 200, and the asssy proper will stand thus: 200 grains of the ore, 200 grains 
of earbonate of soda, 1000 grains of litharge, 46 grains of nitrate of potash. The nitrate of 
potash to be weighed first, finely pulverized, snd then well mixed with the remaining sub- 
rtaneee, and covered with sslt snd borax. The crucible in this assay must be Isrger than 
in the two preceding cases; the mixture should not more than one-third fill it, as there is a 
considerable action set up between the oxygen of the ^Itre, and the sulphur or arsenio, or 
any other substance that may be the reducing agent in the ore; for, in fact, the nitre does 
not direetly oxidise the lead, which sulphur, eto„ might have reduced, but oxidizes its 
equivalent quantity of sulphur, or whatever other reducing substance there msy be in the 
ore, so as only to leave a sui&cient amount to reduce 100 grains of lead, in lieu of the 400 
aa indicated by preliminary assay, or when the reducing power of the ore was allowed to 
come into full play. The bnttona obtained in this ease are also to be reserved for cupel- 
latlon.**— Jobm MZZOHBLL. ' 

9. AflSATINQ OF OOLD AND SILTBB BY 8COBIFIOATION. 

This, the cheapest and easiest, cleanest and quickest, safest, 
best and most scientific method for assaying gold and silyer, is 
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performed by simple means with shaUow dishes called scorifiers J 
within a hot muffle and surrounded by fire, instead of being fusei 
with more studied and less certain flaxes, by crucible^ wUhin thi 
fire itself. 

It will not be out of place just now, to give an illustration of 
an assaying furnace, and the most convenient, economical aad 
saitable dimensions of its exterior shape and interior capac|U^'pl' 
required for the miner. I submit the following for such ti»4li^ 
pose, which can be made either of unbaked or baked Wpp; 
as charcoal or coke is used, although it will be better to I|j|Mft 
lined with ** fire brick." 

The furnace may be built in the complete form shown, wHlifei 
back abutting in an air-tight manner against'the distant waI|j(W)i 
whilst its thick foundation rests upon the floor. 

First build the bottom dead work, marked ¥D {fion%jlmA 
work), and S D (side dead work), 4^ bricks wide in front atftftliji 
bricks at the side (38 inches by 34 inches), and run thia.j^Kipi^ 
some 7 bricks or 20 inches high; thus forming a base for fii^|ii|Bil| 
recesses for tools, and a convenient table for resting hofrvft- 
cibles, scorifiers, cupels, tongs, etc., as well as being of sii^Ha 
height for pouring ingots or buttons, and for safe bottom of sA" 
pit, even in a wooden-floored office. Next commence to VidU 
the bottom' of the ash-pit upon this dead work, by laying f^ 
bricks wide against the wall, and 2 bricks to the front of fumaice; 
that is, about 20^ inches wide by 16^ inches, somewhat in the 
shape of a letter C ^^^ ^^ back to the wall; this and the limbs 
are each 4 inches wide; next run this same shape 3 bricks high, 
for the ash-pit and draught-hole, and place your fire-bars and 
grating thereon at the dead level from L. 

If you are likely to require the use of furnace every day, the 
bars had better be put in loosely upon transverse iron sleepers, 
which should be built in front and back, at the height of let- 
ter L, BO that the fire-bars may be withdrawn at the termination 
of each day's work. Next lay on, with as little lime as possible, 
one row of bricks, or 4 inches wide all around (at the back, the 
sides, and the front), and then again another row of bricks all 
around, except at the opening marked F, which is intended to 
feed as required to regulate the heat of muffles, and which may 
be stopped by a brick when not being fed. Next bridge this 
opening by hoop-iron or bars of half-inch thick flat iron, cover- 
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I 

another ooarae of bricks around the fnmaoe, and btdld clodi 
up to the sides at each end of the muffle, and again a couzsa ( 
bricks around the furnace and over each end of the muffle, seoo^ 
ing out a little from under each " lintel" brick, if necessaiT. 

Place the second or cupelling muffle, 0, in same manner sil 
position over the first, taking care that the communicatioDs i 
the two holes providing for the slight and independent dxaasi 
from the muffles shall not be interfered with byjcommunicati; 
with furnace fire. Again build around the furnace said m 
as before, and then lay thereon four rows of brick, betw 
which it will be advisable to place thin crossing braces of ho:;. 
iron. At three bricks above the top muffle, knock a hole G in 
wide and 2 inches deep from the furnace into the chimnej; &:- 
after providing yourself with a conveniently movable f urii-. 
cover of iron or fire-stone, it is ready for being slowly dried, : -1 
use. The fire may be easily lighted in this furnace by pntiiij 
some small pieces of kindling-wood into the bottom feed-hole .^ 
F, and then after filling the furnace with charcoal through '^/ 
more general feeding-hole at the top, to ignite it with a match .*| 
candle, through the opening, F. I 

If the draught is naturally bad, it will be better to put a bi^i 
ing piece of paper in the hole of the chimney above the mu^ | 
so as to start a current of warm air upwards through the i-^ 
before lighting the fuel beneath the furnace. 

Where a man has to pass through many assays of difi^'* 
minerals, this will be found a very efficient furnace. For sc:: 
as require preliminary roasting, the upper and lower muffles bU; 
be both used in the gradually increasing heat, of the early fire; ia 
the middle of the day, the open fire at the top may receive fo^ 
crucibles for copper or lead assays, whilst the upper and lo^cc 
muffles, C and S, can each receive as many scorifiers, for gc* *^ 
and silver assays; or the one muffle may be used for scorifTin;. 
and the other for cupelling; or the one for mineral and the otht? 
for bullion assays; or the upper muffle may be regulated in t^' 
perature for lead assays, whilst the under one shall beat ahigb^- 
degree for gold and silver, or copper by the German meti< 
or twelve gold and silver assays may be smelted together, as f:^' 
by crucible in fire, with four in the upper and four in the lo^re: 
muffles, by scorifier, and cupelled within the hour, after the fcr 
naoe is at proper heat; and that, too, by the smallest possi 
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ftoant of fuel. On one occasion, haTing everything preyiouBly 
imbered, weighed and fluxed, I passed through, in a similar 
mace, thirty-two silver assays, three of lead, and one of cop* 
)r, in five and a half hours, without assistance; but all ordinary 
ly's works may be brought, by the use of the double muffle and 
ucible, vriihin the one short period for smelting and cupel- 
tion. 

Where much assaying had to be accomplished, I have made a 
ortable stand, with four rows of compartments, having ten pi- 
don-boles in each row, numbered frooi 1 to 10. 

The bottom row was also denominated A, from 1 to 10. 
The second row '« " B, from 1 to 10. 

The third row " '* C, from 1 to 10. 

And the fourth row " " I>, from 1 to 10. 

The first row, A, had sample scoops, numbered from 1 to 10. 
The second row, B, had cups, numbered from 1 to 10. 
The third row was lined with iron from 1 to 10. 
The fourth row contained small watch glasses, from I to 10. 

Numbered parting flasks reclined at the back, that also 
"anged from 1 to 10, underneath which were alcohol lamps, (as 
here was no gas,) that contained sufficient alcohol to bum thirty 
Qinutes, the longest boiling time required for the parting of 
Jilver and gold. 

Now, in treating eight samples, six of which require to be 
wsayed for gold and silver, one for lead, and one for copper, you 
^, after making corresponding notes and numbers upon paper, 
^ke six scorifiers, (or six pairs, if duplicate check assays, for 
(K)inmercial exactitude, are desired), and number them with red 
cbalk, or with a flle, on the exterior, from 1 to 6, and it will also 
be advisable to smear their inside with red chalk, to prevent 
ftdhesion during roasting, and the absorption of the liquid into 
tbe scorifier, that would hasten its fusion, and might dissolve 
boles through the bottom, during the smelting process. 

Next take a crucible for the lead assay ,^ and another for the 
copper, and number them by notches made with a file on their 
rims. Place these scorifiers and crucibles opposite their respec- 
tive numbers, to await the time for weighing and fluxing for the 
smelting process. 
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A 1 — ^Average from the ' ' Anglo-Saxon " lode at bottom of shafi 

for gUver. 
A 2 — ^Average from 1000 foot level, north end, for Mver. 
A 8 — Average from back of 1000 foot level, No. 1 stope, norti) 

for silver. 
A 4 — Average from back of 1000 foot level, No. 3 stope, Boutb 

for silver. 
A 6 — ^Average from back of 900 foot level, No. 2 stope, north 

for silver. 
A 6— Average from bottom of winze, in 900 foot level, south, fo; 

silver. 
A 7 — Average of stones brought in by Company's prospector, foi 

gold and silver. 
A 8 — ^Average of the tailings from last run, for silver. 
A 9 — ^Average from the ** Washington " lode, for lead. 
A 10 — Average from the '* Columbia" lode, for copper. 

Having these samples thus plainly marked, you will next pro 
ceed to weigh out from each the proper quantity for assay, &Q<^ 
place them in the flat-bottomed iron scoops in row A; then, after 
adding the desired fluxes, intimately mixed as directed, transfer 
them to the correspondingly numbered scoriflers or crucibles. 
Now smelt into the button, which, when cleaned, may be placed 
in'the same numbered scoop of B, as the button for cupellatioQ 
Cupel, and place in row C. Part by nitric acid in the numbered 
parting flask at the back of frame, and place the deposit of gold 
from cupelled button in row D. 

Thus, A 7 would receive the properly weighed and fluxed ore 
for ''Assay.*' 
B 7 would receive smelted " BvMon." 
C 7 would receive the " Cupelled BuMon." 
D 7 would receive the " Deposit " of parted gold. 
The initial letters of rows thus indicating corresponding resultfi. 
by conformable letters, numbers and operations. 

HOW SCOBIFIOATION FOB GOLD AlU) SILVBB IS PEBFOBMED. 

' When concentrated sulphurets of iron or copper contain gold, 
they should (notwithstanding what has been said in favor of scO' 
riflcation) be mixed with charcoal, and separately roasted 
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tirred, in a scorifier or crucible, for at least a half-hour, in a 
Qoderately hot muffle or open fire, before the actual scorification, 
i you intend to extract all the gold. 

Such samples should be mixed with charcoal, in a well-chalked 
.r red-ochred scorifier; then graduaUy roasted and stirred with 
k clean iron wire, as the Jire is burning up ; and after this they 
nay be fluxed and scorified like ordinary ores. 

For these, as well as for all other ores, 50 grains are as much 
IS the scorifying mode will do justice with; and you may there- 
:oie take the 50 grains for roasidng or otherwise, unless you pre- 
fer to take 37.71 grains, or 29.16, ancl thereby to avoid all calcu- 
lation for Talue and weight in dollars and ounces, as preyiously 
iescribed. 

A. It may be fused with test lead alone, if desired. To one 
part of the ore add at least six parts of test lead (lead, compara- 
tiTely free from gold and silver); mix these intimately together, in 
the same scorifier in which U was roasied, and cover it by a layer 
of six parts more of lead. AU the silver ores, and the ordinary 
gold ores, may be mixed with lead, and immediately scorified, by 
Wng placed in the hot muffle, according to their numbers, when, 
after the door is closed, the fire is urged to its greatest heat for 
Uteen minutes; during this time of first rising temperature, the 
roasting is partially performed, as the granulated lead melts 
Blowly into numerous globules, which, when falling through the 
Diass, collect and concentrate the precious metals by fusion into 
one large and central bottom button of lead. In some fusi- 
ble samples, the smelting is now completed; but it will be always 
advisable to allow the button of lead to oxidize into litharge, by 
slightly opening the door of the muffle for a second fifteen min- 
utes, which, by oxidation of the lead into litharge, the gangues 
&f6 thoroughly fused, whilst at the same time, the size of the 
hutton is reduced for cupellation. At the end of this thirty min- 
utes, it will be advisable to stir the contents of each scorifier with 
a small hot wire, suitably bent to a crook: use a new or clean 
wire for each, and'particularly note that the molten slag does not 
Btick to the end, as molasses would, but that it is just as fluid as 
the molten'lead; or the assay lacks sufficient heat for the effectual 
extraction of the silver and gold. 

Byjthe|way, the furnace is oftener too cold than too hot; and 
charcoal cannot make the muffle too hot for this purpose, al- 
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though ooke and Btone-ooal may do bo, and «Ten bum the boil 
torn into holes. (See under 2, for addition of lead, ete. » in cu- 
pelling.) 

After the lead has sufficientlj oxidized to encroach from th€ 
side of the scorifier, to almost entirely coyer the molten lead, the 
door may be dosed for ten minutes, so as to increase the heat, 
before the scorifiers are emptied into properly shaped and num- 
bered conical moulds; when cold, the buttons must be cleaned, 
hammered into cubes, and carefully transferred to their correct 
numbers in row B of the numerical frame. 

They are next cupelled as described for crucible, and laid 
in row C; and, if suspected of containing gold, parted by acid, 
in the correspondingly numbered flask at the back of frame, and 
the deposit of gold, after being well washed and thoroughly, 
dried, placed in its numl^red watch glass at D. , 

B. As litharge (the oxide formed from the lead) attacks the 
scorifler, half as much of borax (or common window glass) 
as the ore, has been recommended. It also renders some earths 
much more fusible, but, I think, interferes with the effectual 
initial roasting of other refractory metallic minerals, by sealing 
them over before oxidation is effected. As a rule, it is better to 
use one of them where ores are not highly charged with sulphurets 
of iron or copper.* 

In the calculation of value of button in ounces or dollars per 
ton, see backwards, under third and fourth headings, near the 
commencement of chapter; and, for parting of silver and gold, 
forward, under appropriate headings, near the end of this 
chapter. 

Thus, the operator's mind being thoroughly relieved by this 
system of numbered notes, can devote all his attention to the 
practical manipulations that must be so closely watched, if cor- 
rect results are required. 

Different men may also take on in shifts, at any stage of the 
operations, if necessaiy, without confusion or injury to the work. 



•I prefer to hm it onlj in the lest itige aftar rowrtiiig, or to prepue the wooMmm hf • 
preTiona fnelon of e matt amomU 9f fteriw therein, to form a aort of anrfaoe glaae, aa eeiih- 
enware; which proteeta the Taaael, without hindrance to oxidation, during the roaatinf 
atage. 
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L A8SATIK0 OF SULPHUBBTS AND FBEB OOLD, BT PBBUMHrABT WATBB 
OONOKNTBATION, FIinSHED BT OBUOIBLB, 800BIFIBB, BLOW-PIPBy OB 
MAOHINB^ SO AS TO ASOBBTAIN HOW MUCH CAN BB OBTAINBD BT 
OHIiOBIDATION. 

This i8 the mode, par excellence, for the practical purpose, of 
hat can be obtained, after milling, by chloridation. Yoa may 
>ncentiate a very large quantity by water, for more correct ave- 
nge, as described in Chapter IH, which by similarity to large 
sale operations, will thus obtain exactly equal results, and 
len after drying and roasting the heavy residue, next proceed 

3 follows: 

« 

A. First take out the free gold by amalgamation with merou- 
f , and then treat by roasting and crucible fusion, as described 
nder No. 5, and deduct just one-tenth of this fine gold fire 
Bsaj, for what should be obtained by chloridation. 

To dispense with calculation, you may also refer back to No. 4; 
r, to renew it here in still plainer terms, to proceed on the fol- 
9wing basis : As a 2000 pounds avoirdupois ton of gold contains 
I9166§ Troy ounces, it follows that, if any weight is made to 
ontain this same number of units, each and eveiy one of such 
inits of weight obtained from a gold sample will be just one, or 
a many ounces, per ton. 

For crucible smelted assay of water concentrated quartz th^t 
lontains any amount of sulphurets, etc., you may take the one- 
enth of a Troy grain as a suitable unit to represent one ounce, 
which is ten times the weight of the smaUest white weight, of the 
rery superior set of guaranteed weights manufactured by Oert- 
ing, of London.) You can make a rough brass weight for your- 
lelf , by putting into one pan of your scales 29166§ of these units, 
'that is, 2916 grains and 6f tenths of a grain, or 6 Troy ounces, 
1 pennyweight, 12f grains,) and filing your new weight to bal- 
ince. Mark this *' assay ton," from unit ounce, of the one-tenth 
^ain (or second weight) of Oertling. 

Thus, if the button weighed 8 of such weights, it would be, if 
pure gold, 8 ounces per ton. If 8 and two tenths, it would be 
B ounces and twice two-tenths, or 4 penny-weights. 

If any of the other larger weights should be required, they 

veould simply represent higher decimated quantities, an 28.2 would 
19 
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self-eTidenily be twenty-eight ounces and four pennyTreights; 
728.2 would be seven hundred and twenty-eight ounces and foui 
penny- weights; 6728.2, six thousand, &c.; 36728.2, thirty-sii 
thousand, &o., &c., &c., &o. 

The fine gold can be reweighed, after it has been paxted, and 
multiplied by 20.67 for dollars per ton. (See ** Parting,*' toward! 
the end of this chapter.) 

If you wish to self-calculate for dollars per >ton, all that u 
necessaiy is to make another " ton weight " of 3771. Troy graim 
for weighing the sample, \irhen the same units will represent dot 
lars instead of ounces, and the next smaller weights tenths of a 
dollar, and when used as a rider on the beam each mark would 
be one cent, or a tenth of the tenth of a dollar; (but in this case 
it will be more simple to use the unit weight in a more direct 
rider form, for cents. 

B. For scorification of quartz that does not contain more than 
fifteen per cent, of the heavy sulphurets, a tenth of the last quan 
tity may be taken, and, provided a magnet or magnetized knife- 
blade is used to extract the metallic iron (broken from the bat- 
tery, or pestle and mortar), this will generally be within the 
practical limits of quartz ledges. 

In taking this weight, 291.66 grains, (12 pennyweights and 3§ 
grains, or 377.1 grains for self-calculation in real dollar value,) 
as a sample, for a scorifying ' ' assay ton," the one-hundredth of 
a grain, or the smallest white weight of the Oertling balance, will 
stand for both the '' assay ounce " and the " assay dollar." 

It may often happen that not more than one and a half per cent. 
of sulphurets will be found in ledges; so that the largest of these 
'' assay tons" concentrated residues may be even scorified (after 
precautions taken for iron) without requiring the concentrated 
sample to be further reduced by roasting and acid. 

C. Take, for machine, 160 grains of quartz containing no 
more than fifteen per cent., or 1600 with even less than one 
and a half, and after water and perhaps acid concentrations, rid- 
ding of metallic iron, drying, and roasting as for the crucible and 
scorifier, next flux, and cupel by machine, as directed for the 

otssay of silver ores by the machine. 

The value is then read under its calculating lever or between 
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} diyerging metallic slips, in dollars per ton; at sight, for the 
K) grain ton; and by taking off one figure (or decimating it) from- 
te right-hand side of the underlying column, headed by a similar 
unber to that on the weight, the answer to 1600 grains may be 
lown. See "Little Wonder" for self -calculations without 
ren reading figures. , 

For blow-pipe assays from sulphurets, 602.7 grains, or the 
gold ton " bar-weight of the " Little Wonder " may be taken, 
id the sample, after it has been sufficiently lessened in quantity 

7 roasting, acid and water concentrations, may then be duly 
aelted, after the manner described for silver. 

So as to remove the least chance for errors, these several 
mounts and values may still be more plainly shown by the fol- 
}wing short tables, which are adapted to every mode of assay: 

V you have made a crucible assay for silver from 377.1 grains, 

8 weighed with any decimal Troy weights, and have the button 
xacily balanced by weights in the pan: 

£acli and eyery ukU of ToTJ grain, (.01) (the BmaUeet weight) will be=$l. per ton. 

Eachandevery tV grain, (.1) wlU be=$10. per ton. 

1. grain, (1.) will be=|100. per ton. 

10. grains, (10.) wlU be=$1000. per ton. 

100. grains, (lOO.L wiU be=$10,000. per ton. 

^ the abore example the cents are read by cutting and bending a piece of silk or cotton 
^ead to a V shaped rider weight, exactly eqnal to the nnit, so that it may be moved to 
lAlanoe upon the decimated beam, for this express purpose. 

^fyou have made a scorified assay for silver from 37.71 grains, 
^37 grains and 71 hundredths,) and the button is balanced by weights 

'^T^ the pan: 

^ch and every unit of t^? grain (.01) (or the smallest weight) will be=$10. per ton. 
^h and every ingrain (.1) willbe=$100. per ton. 

•* " 1. grain (1.) will be=$l,000. per ton. 

" • " 10. grains (10.) will be=$10,000. per ton. 

^ this ease, the rider vmit, or liu grain, gives the dollars and cents when balanced npon 

'^e decimated beam. 

^fyou have made a blow-pipe assay for silver from 3.771 grains, 
(^ grains and 111 thousandths,) and the button is balanced by weights 
in the pan: 

^h and every wat of jiji grain (.01) (or the smallest weight) will be -$100. per ton. 

^liandevery t^- grain (.1) ..* wiU be=$l,000. perton. 

" " 1. grain (1.) wiU be=$10,000. per ton. - 

^^>% the rider unit will show that each hundredth mark upon the beam is equal to $1. 



" «« 
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If ycu require ounce results, take the corresponding assay ton, in 
ounces, as fuUy explained; and the above figures voUl then gits 
ounces per ion, fqr both silver and gold. 

' If gold is required^ in doUars per ton, it may be found in two 
ways: the first by muUiplying the weights of the separately weighed 
sponges of gold from either of the above results by 16, and then sim- 
ply valuing by such new weights or figures as if they were silver; 
and the second, by taking a gold *' assay ton " of 16 times the weight 
of either of these quantities, and after water cojicentraiion, to SDieP 
the small residue by either crucible, scorifier or blow-pipe, as mosi 
convenient, and the same tabulated values tviU be also correct for 
gold.* I 

11. ASSATINa BT AMALaAMATIMa WITH MEB0UB7, AND SMELTtNG BY CRV- 
aSLK, BOOBIFIEB, BLOW-PIPK OB MACHINE, TO KNOW WHAT PBOPOB- 
TION OF GOLD OAN BX OBTAINED BT AMALGAMATION. 

This is also an excellent and sufficiently correct method for 
ascertaining how much gold may be obtained by battery, pam, 
arrastra, or barrel amalgamations ; and these (No. 10 and No. 
11) methods also show, when combined, how much there is really 
in the rock, how much can be extracted by ordinary milling*, and 
also, by their difference^ what the sulphurets are worth. 

Take either of the largest quantities named under the last 
headings, as ounces or dollars are desired, then concentrate, and 
place the heavy residue into an iron mortar, with a cupful of 
water. Next add about six ounces of well-strained and cleaned 
mercury, and stir, without grinding too much, for about two 
hours, (as the object is only to amalgamate the free gold,) when 
you may leave it stand over night. Stir for a few minutes in the 
morning, with the mortar full of water; pour off, and carefully 
strain the mercury through a compact chamois or buckskin. If 
the rock is very poor for gold, it will be convenient to add about 
one grain of zinc, or fine silver, to amalgamate with the mercury, 
so as to obtain a more tangible body of amalgam, for straining 
and fire treatment. 

• 

* I have found it Btill more oonvenient when using these ■eif-calcnlftting quantitiee for 
gold, to take say the 6(tt.7 quantity, and weigh out one» two, three or more of saoh ** ueaj 
tone," jost as long as the qiumiify pulyerised will pormit repetition; and when linally 
▼lining the result, to simply divide by the number of times taken. |l 
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Sublime the amalgam in a cruGible, either in the fixe or before 
le machine's roasting furnace, to pass off the mercury, etc. 
ext flux and smelt by crucible, scorifier, blow-pipe or machine, 
ke the stiver assays; and then part, if necessary, by nitric acid 
ad ascertain its value as before, by unit weight system. Be' 
u-eful to avoid the fumes from mercury. 

In this instance, the gold being but little and free, the ma- 
hine equals the scorifier and crucible for quantity, but requires 
be assistance of their weighing scales; it, however, might have 
^een performed for the three by the calculating lever of machine, 
F, instead of the '' assay ton" being 29166 grains, it had been 
litber 16000, 1600, or 160 grains, as required to conform to the 
)rinciple of its calculating lever. 

If the 160 had been taken, the table would have been read in 
loUars per ton at sight. 

If 1600, the right-hand figure should have been cut off or 
lecimated. 

If 16000, two right-hand figures, etc. 

12. FRBB GOLD IN QUABTZ^MAT BE BSADILT ASSATXD BT FBAOTIOAL MBN, 
WITH OBDINABT TOOLS, AS FOLLOWS: 

A. Concentrate the finely pulverized "assay ton" of 3771. 
grains, or about 7 Troy ounces, 17 pennyweights, very carefully, 
by water, in the manner described in Chapter III, Section III. 

If very close results are required, such as will not, however, 
be realized on the large scale, first shake the sample in a close 
bottle, to thoroughly wet the ore and settle the gold which might 
otherwise float away in first water. After the iron has been ex- 
tracted from the heavy concentration beneath the water, by a ' 
magnetized knife-blade or magnet, pour off and dry the residue 
which also contains the ^old, by placing the basin, saucer, or 
plate, over any convenient pot of boiling water, or any warm 
surface, lamp or fire; and when quite dry, it may be swept into 
a suitable vessel for roasting. 

Boast this heavy residue very thoroughly, then pulverize 
again and dissolve away all but the gold in nitric acid. Pour 
off the nitric acid, and after the gold has been well washed 
and dried, it may be transferred to a carefully balanced scale-pan 
or paper, as described under No. 14, for the most exact weighing 
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of small quantitids. Each tenth of a grain thns obtained will 
represent one ounce per 2000 pounds ton of this alloy of gold 
silver, copper, etc. If yon have no tenth grain, divide one erni 
of the lever into ten parts, and make a rider grain weight, bi 
bending a small piece of wire, or dry twine, into the shape of t 
horse-shoe, when each mark will represent a tenth grain, ard on( 
ounce per ton. If your scale is a very common one, having in 
dustiy and patience you may take ten times the quantity of this 
** assay ton," and eveiy grain will represent either a dollar or an 
ounce, as the proper assay ton quantity is taken. 

B. If it be desired to have a button of gold from this residue.. 
by fusion with machine, place the fine gold in one of the pre 
pared charcoal supports, cover with a thin layer of borax glass, 
this similarly again by about 20 grains of test lead, and, after 
lowering the suspended covering of charcoal as close down over 
the assay as practicable, smelt, by carefully increased blast, into 
auriferous lead, and cupel as described in the fifteenth mode, for 
the silver assay, by machine. This will still be an alloy of the 
pure metals, gold and silver, which can be approximated by th^' 
practical eye for carat value; but if gold is correctly required, it 
must be parted from silver, &c., as described toward the end of 
this chapter, by acids. 

O. Amalgamate with mercury, then slowly roast or retort, 
and smelt as under No. 11; with blow-pipe or by machine, as 
above. 

13. GOLD ANn SILVEB ASSATIKG WITH COMMON BLOW-PIPE. 

By the elaborate methods described in books. 

The following has been the method used in past times, which 
is here described in as few words as ppssible, so that the reader 
may know, by simple comparison, whether he will adopt this or 
the new methods as previously described at pages 208, 209, 210 
and 211. 

Pulverize and Tniir your sample with even more care than be- 
fore; take about five grains therefrom, which place in an agate 
mortar, or a common cup or saucer, and grind it still finer with 
the pestle, or between small flat stones, to an impalpable powder. 
Next weigh, from the mortar, cup or saucer, just one grain for 
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die assay (which is as much as the common blow-pipe will suo- 
sessfolly redace by this method); with this most intimately mix 
ts weight of borax gUiss, and six times its weight of test lead.'*' 

Prepare a cartridge — or, better, a few dozen spare ones — by 
cutting oblong strips, If inches long by 1 inch wide, from soft 
bulbous letter-paper, which then soak in a saturated solution of 
mrlx>iiate of soda; after these strips become dry, roll them on 
the butt-end of a common pencil, of about a quarter inch diam- 
eter, in such a way that sufficient may also overlap its end to 
form the bottom of cartridge; moisten the last folds of the side 
and bottom with flour paste; and take off, to dry for use. Trans- 
fer this (one grain) fluxed and leaded sample to an empty rifle 
cartridge, sewing thimble, or more suitable scoop, if you have it, 
and mix it thoroughly together with a pin or other small, smooth, 
and conTonient stick. Select a good piece of charcoal (willow 
and white pine are best), which must be free from cracks, and of 
about the size and shape of the largest new cork for a wine bot- 
tle. The willow coal is most readily shaped by simply cutting 
into lengths from the branch as it grew. Into each end (so that 
it may serve twice) drill, with a suitably sized charcoal borer, a 
sharp knife, or sharpened piece of hard-wood, a central hole, a 
Utile larger than the prepared paper cartridge, and a quarter of 
an inch deep; place this cartridge in it, and when it is thus 
supported in the charcoal, carefully sweep the sample, with a 
camel-hair brush, therein; add 3 grains more of test lead, on 
the top, and fold the surplus paper well down over the enclosed 
sample, for better resistance of the first effects of the blast, dur- 
ing smelting. 

Next learn to blow the whole of the flame of the candle or 
lamp l^efore the pipe, wUhoni any cessation, for fifteen minutes, 
aud, when you can do this efficiently — ^which practice alone can 
realize — ^you may proceed with the assay as follows. 

Take into the left hand the charcoal support, which contains 



*FoT aboat thirty yean of my earlier practical life I had naed the methoA which I am 
now endeaYQring to explain, and therefore am folly educated as to its difflcnltiea and 
defects. 

The new methods described in the several pages from 208 to 213, for sssaying gold, Bilver, 
and lead, are not only more easily performed by amateurs, bat will treat very mnch larger 
quantities, and when water concentration is also used to prepare large samples before 
unelting for the gold assay and the "Little Wonder*' is employed for weighing and 
caloolating the Tarioos bnttons, they are surpassingly efbctlve. 
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ih« oartridge and fluxed Munple, and surroiind it by the thninb 
and all the fingers, in such a manner that the assay may be held 
aboui 30® diagonaUy, whilst it is being also turned by the fingers 
on its own ax\»^ as most desirable. This will also require prac- 
tioe, before you will be able to effect all the necessary moyements 
with proper precision and certainty. 

When these can be adroitly performed, closely trim your olive- 
oil lamp, so that no stnty fibers shall cause imperfect comfoustioo, 
and rob the flame of much heat; this being done, place the lamp 
at suitable and conyenient distance and height before you, so that 
all the necessary manipulations may be readily performed. 

Now, blow the blue flame, with a gentle pressure, upon the 
horizontally held assay, until the upper lead melts and becomes 
safely ensconced in the molten slag; after taking a rest, gradually 
incline the assay at an angle of about 20® towards the nozzle, and 
encloee it tn, or caver it by, the point of the whole mass of the 
yellow flame, so that the ore may be redvjced as quickly as pos- 
sible to metal, by this exclusion of atmospheric oxygen, and the 
greater heat thus produced. 

During this reducing stage, three things must be more par- 
ticularly noticed. 

1. That the pressure is neither too much nor too little, but 
such as is seen to be, by bright combustion and fluidity, most 
suitable for extremely high temperature. 

2. That the lead is red hot, and travels freely around and 
through the mass of effervescing and mobile slag, at your pleasure, 
by suitable twist and inclination of the support. 

8. Towards the close of this smelting operation (which gen- 
erally requires from ten to fifteen minutes), you should more 
particularly observe that the scoria becomes " orbicular;" or, 
more intelligibly, that the molten lead button is partially enclosed 
by the m,obile and supple slag, as the eye by its lid; for such is 
the final appearance of good smelting. 

This, when cold, may be separated and cleaned, by being 
enclosed in a small piece of rag, or a few folds of paper, which 
safely retains the whole and most effectually separates the lead 
from its slag, when subjected to a few blows from a light ham- 
mer. The button of alloy must be now hammered into a cube, 
and further cleaned with a hard brush, for more speedy cupel- 
lation. 
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The method for oupellation of the button, as first used by the 
Swedish blow-pipisfcs, and since too highly recommended by mod- 
em writers, is that of ramming moistened bone-ash into small 
but comparatively thick and heavy iron moulds, by a suitably 
shaped convexed steel pestle, and then, after the whole has been 
dried, it is placed within the four-clawed end of a round handle, 
whicli by being transversely flattened at the other end, it also 
serves as a sufficiently secure base for standing upon the table 
when not in actual use. 

The button being placed thereon, is held by the left hand in 
proper position before the oxydizing flame, which is then plajed 
partly on the iron to create a supposed rpservoir of heat, (?) ai^ 
also in front of the button for its oxidation. This method is, 
however, more convenient for mechanical manipulation than effect- 
ual in use. 

See a much better mode on pages 209 and 210, under headings 
10, 11 and 12. 

This is next warmed before the blow-pipe's flame to redness^ 
and the lead being put thereon, after it is rendered red hot, or 
moUen, in the reducing flame, it is held beyond the tip of the small 
and conical blue flame, for oxidation of the lead and other base 
metals, and consequent purification of the precious metals, gold 
and silver. 

This operation is completed when the peculiar appearance of 
the button of silver or gold, called '^brightening," is exhibited, 
which had better be practically studied before blow-pipe, on 
small, known sized, silver and gold buttons, purposely dUoyed 
with lead for this particularly important purpose. (See *' Oupel- 
lation of Button," from crucible assay of gold and silver, in Ex- 
ample 2, of this chapter, for its appearance.) 

This method is altogether worthless for direct gold assays, 
as they make no suggestions for the preliminary concentration 
of much larger quantities, either by water, or by roasting, acids 
and water; as given in the new and exceedingly practical and 
valuable mode at page 211, for really assaying gold by blow-pipe, 
and at the several places in the water concentration chapters for 
practical men. 
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ABSATnia or OOLD AHD BILTBB BULUOH BT SLOW-PIPBy FOB VALUE 

PBB TOH, OB TH0U8A1III>TH8 FDIB. 

The assaying of bnllion is much more simple than mineral 
assays from rock, as all that is required is to take a certain con- 
yenient quantity of the metal for the mode adopted and purpose 
intended in calculation, and to cupel to purity by the addi- 
tion of sufficient test lead. For blow-pipe assays, after the silyer 
and gold are parted in the manner explained near the end of 
this chapter, — ^if for value in silver per ton, take 3 Troy grains 
and 771 decimals of a grain (3.771), and the weights will show the 
value, without calculation, as already explained; or, take the 
^shaped weight of the "Little Wonder," as used for silver 
assays, and read its value in same manner as for the silver assay 
of mineral. For gold, first value it as for silver, either by tbe 
weights or the ** Little Wonder," and multiply it by 16 for its 
value in gold. Or you may take any quantity within the capa- 
bilities of the blow-pipe, and figure out results for value per ton 
and thousand, as you may desire; and cupel as recommended at 
pages 209 and 210. See also under Heading 17. 

14. WEIOHING, AND 0AL0T7LATINO THB VALUES, OF SMALL BTTTTONS. 

However difficult the smelting and cupelling manipulations for 
the assay of gold and silver by the common blow-pipe may be, 
that of weighing the resultant button is even more so; and as it 
has not been previously exjglained, it is therefore more eminently 
worthy of some special observations regarding the best means for 
surmounting these practical difficulties. 

The Berzelian glass-cased portable balance is, as regards regu- 
lar beam and pans, the most convenient and susceptible tor 
these minute weighings. The lever is poised on a very delicate 
knife-edged fulcrum, which rests on jewels that are supported 
upon and rocked, by a pendulous cradle; and thus, under all 
circumstances, it settles in vertical position. This pendu- 
lous cradle (which is its best characteristic) supports the whole 
scales, and is attached to, and suspended from, a square bar and 
frame, that, when moved by a kind of miniature barrel winch 
and silk thread, slides truly in a suitable socket, end steadilj 
hoists or lowers the pans off from, or upon the bed-plate, as 
required in the operation of weighing. 
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The warranted weights made by Oertling, of London, are most 
reliable and convenient, which, by ranging and decimating from 
1000 grains, by 100 grains, 10 grains, and 1 grain, thence still 
smaller to one-tenth grain and one-hundredth of a grain, a£ford 
every facility for varying the required quantity for either the water, 
cbemical, volumetric, crucible, scorifier, or blow-pipe assays; as 
Tvell as their respective advantages for calculations by every 
necessaiy decimal division. 

To weigh a silver or gold button that has been produced from 
a one-grain sample, it will be advisable to prepare, and examine 
the action, of such a new apparatus, as to its susceptibiliiy ; which 
may be done in the following manner. Take out the beam, lay 
it on a board, and carefully mark its right half, with a square 
and compass, into ten right-angled equal parts, by scratching its 
nearer edge and side with a needle's point; and these again into 
tenths, by shorter and less distinct lines; and its left-hand side 
should be also divided into twenty parts for pennyweights.* 

Keplace the lever into its cradle, and make a weight from a 
very small and dry white silk or cotton thread, so that it may 
exactly equal the smallest of the Oertling white aluminium 
weights (one-hundredth of a grain); bend this thread weight to 
the shape of a Y, so that it can be used as a rider. 

Fix permanently a brass or tin-plate tube, containing a lens, 
to the upper part of the glass case, in such a manner that you cih 
distinctly read the magnified motions of the graduated ivoiy 
upon the cradle pendulum, and the j)endulous pointer from the 
beam, to these degrees, both when the glass door of the case is 
open and closed. 

Elevate your scales by the thumb-tackle, so that the pans may 
be about one-eighth of an inch above the bottom of the case, and 



"This oftn be most readily snd correctly •ooomplished by drilling % bole, about three 
inches from the left-hand ttraight edge of a suitably sized board, to snugly receive the 
knife-edged central axis of lever; the beam being placed thereon, it should then be care- 
fully fenced in, and firmly secured by small tacks, in a position Just parallel to the edge of 
the drawing-board. Next take one side of an ordinary cigar box, and, after pasting a white 
sheet of paper upon it, mark, by cross lines, the exact positions of jhe center, and end 
knives, of balance lever, and divide the one end into equal tenths, and the other into twenty 
parts; and then, by other lines, divide across the first end, intervening aeries of tenths of 
these first cross lines, and the last into twenty-four parts (for reasons described), and, 
assisted by the square, and a needle for pegging position, then finally scratch with a fine 
needle corresponding marks on the beam ittdf, so that they may be distinctly seen when 
using the rider. 
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Boratoh a mark on the square bar that elevates the scales, so that 
they may always be raised to the same height. These being fin- 
ished, you may now drill witti a brad-awl, two holes in the bottom 
of the case, on the nearer side of each pan, and turn two pieces 
of wire into C shapes, so that the limbs of the C being placed 
downwards, they may be forced into these holes, until the back 
or body of the letters shall form transverse bridges in front of 
the scale pans, and about three-fourths of an inch high from the 
bottom of the case, for greater convenience in dropping small 
weights and buttons (which are frequently retained by cohesive 
attraction), by tapping the forceps thereon. 

You may also break a piece, about two inches long, from off 
the end of an old clock's main-spring, on which the eye remains, 
and force the plain thin end in the joint formed by the wood a6 
the top of the glass case, so that the bow at the other end may 
gently spring to and hold the glass door, when it is necessaiy to 
be kept thus elevated. This will be much better than the silken 
loop and brass pin, which are now supplied with the case for this 
purpose. 

Being thus accommodated with facilities, you had better sit 
before the instrument, and study the natural motions of the 
pointer, and also the pendulous cradle, that carries the gradu- 
ated ivory scale; and notice more particularly that their oscilla- 
tions should be long continued, and quite gradually lessen to 
a very short movement, before final settlement. Now take a 
piece of very thin glazed paper, and cut a strip therefrom of about 
the width of a pin, and transversely cut from this strip other veiy 
short pieces, to bring the beam to balance by placing them in 
either pan, as may be required. Learn to read these magnified 
minute motions scrupulously exact, and be sure that the scales 
are properly balanced, before weighing any very small quantity, 
for value. I prefer using two unglazed paper pans, just slightly 
turned up at one side, like angle iron, and keep cutting from the 
one or the other, as required for balancing: 

The turned-up part serves for more convenient handling by 
forceps, as well as a secure side fence for stopping gold sponges 
from hopping over the paper when transferred from the drying 
dish for being weighed. 

(See bullion assays and parting gold and silver, near the end 
of this chapter.) 
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Saving advanced thus far, cut off from the same thread of 
which the rider was made, a piece of only one-fifth its length, 
and, observing that the pointer is still straight with the mark, 
drop it into one of the pans, without lowering them, by gently 
tapping the forceps on the transverse wire bridge in front. 

If this will turn the beam so that it can be seen by the pointer, 
it may be sufficiently near for your general purposes in the 
silver assay; but if it does not, you may make the beam more 
sasceptible by carefully operating thereon, at your own risk, as 
follows: 

Unhook the pans from both ends of the main lever, and very 
graduaXly file or scrape the pendulous steel-pointer, (which 
lessens the distance between the centers of gravity and floatation,) 
which is, however, a somewhat dangerous operation, for it may, 
when overdone, render the balance wild and irregular in settling; 
this, however, may be again rectified by putting on a small silver 
or gold globule at a short distance above the lower end of the 
pointer. The beam should then vibrate nine strokes per minute. 
I have such a balance, prepared in this exact manner, that 
turns with half this quantity, (the one-ten-thousandth of a grain, 
which represents $3.77 per ton, on one-grain assays,) when bal- 
anced by the thread rider, and moved but a one-hundredth mark 
on the lever. 

The balancing by small pieces of paper is a slow and tedious 
affair, which I have avoided by fixing a weak magnetic needle in 
a suitable side position, at the proper height in the case; so hori- 
zontally Bwiveled on central and side pivots, that the slight pos- 
itive and negative powers may be applied at vaiying distances, to 
attract or repel the steel pendulum as required. It is prompt, 
effective and exact; as well as a great comfort in use. 

Having ascertained that your scales are sufficiently delicate, 
you may now take the button from the bone-ash, by holding it 
on edge in a clean saucer or plate, (which is much better than 
paper, because the latter springs the button away, and it is often 
thus lost,) and then gently remove it by a judicious twist with a 
pen-knife's sharp point, when placed just beneath one side* 
After the button is cleaned to your satisfaction, which should be 
examined with a magnifying glass, move the plate or saucer close 
to the scale-box, see that the beam is stUl balanced, and take the 
button in the inverted forceps at an eighth of an inch back from 

A 
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its pointy and oarefolly transfer it with the right hand to the left- 
hand scale-pan, by tapping very UghUy on the cross-bar in front. 
The sample and resulting button should be weighed at the same 
end, BO that unequal beams may not cause error. 

Now place, with the forceps, the white thread rider on the other 
(graduated) end of lever, without jostling the lever in the slight- 
est degree, and move it until the pointer again indicates exact 
equilibrium, as before. This must be done with the pans sus- 
pended all the while, for very small buttons, as the smallest 
movement, or the slightest jar during the rise and fall, by chang- 
ing the point of rest, would destroy equipoise. 

It will be always advisable to at least repeat the balancing and 
weighing, and lastly to check, by placing the rider on this sap- 
posed truthful position first, and tiien to merely drop the button 
into the suspended pan, for positive results. 

If the button should weigh less than when this rider is on the 
first tenth mark, the beam may be first balanced with the rider on 
01X8 mark, and the button being then dropped into the pan, its 
weight will be more easily and correctly read, by counting only 
the additional length that the rider is moved outwards, to re-bal- 
ance it. 

To calculate the value of such a button, when obtained from a 
one-grain assay, let one-tenth the weight of this thread rider, 
which is the one-thousandth of the one grain, stand for an unit 
of calculation, as previously explained, which may be either di- 
rectly multiplied by 29.16 for ounces, or by 37.7 for dollars per 
2000 pounds ton; or you may multiply this weight, as obtained 
from 1000 such units, by 2, to show what a double smelting, ot 
two half-tons, would have given, which of course would be ex- 
actly the same as that from the 2000 or real assay ton; this, bj 
being then multiplied by its multipliers of 14.58 for ounces, and 
18.85 for dollars, will give the same amounts. When this thread 
rider of the one-hundredth of a grain is used, the unit vdll there- 
fore be the first mark from the center of the beam, for this will 
be just a tenth the weight that the rider would haye been in the 
pan. 

Having made yourself thoroughly certain of what constitutes 
the unit, or first whole number, for the different quantities taken 
from time to time for assay, by following it up and down froiQ 
nominal ton, you may refer to the following table of mnlti- 
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pliers, whiob, as you will see, is founded on the foregoing ex- 
planations. 

It* 2000 grains, 200 grains, 20 grains, or 2 grains, be taken fox 
the. 2000 pounds assay ton, each unit or pound (of two-thou- 
sandths of the weight taken) must be multiplied by 14.68 for 
ownces per ton of gold and stiver ^ and by 18.85 for dollars in sil- 
ver, and by 301.36 for dollars in gold. 

The multiplier for the coin value of any nation may also be 
found by simply multiplying any unii of such ton weight by the 
desired money it will realize. 

Where the ton is not capable of direct decimation, or variable, 
such as the English, it is better to take an amount of units equal 
to it, as 2240, 2352, or 2300, as the case may require, of such 
assay pound units, for the assay ton, and use the same multipli- 
ers as before. 

These multipliers may be then tabled as follows, to suit the 
required fractional quantities taken for the different methods of 
assay: 

For 1 assay ton, (as the representative of any real ton,) the assay 
pound X 14.58 gives the ounces of gold and silver per ton. 

For ^ assay ton, the assay pound x 29.16 gives the oimces of gold 
and silver per ton. 

For ^ assay ton, the assay pound x 58.32 gives the ounces of gold 
and silver per ton. 

For 1 assay ton, (as the representative of any real ton,) the assay 

pound X 18.85 gives dollars in silver, and x 301.36 dollars 

in gold. 
For \ assay ton, the assay pound x 37.7 gives dollars in silver, 

and X 602.13 dollars in gold. 
For \ assay ton, the assay pound x 75.4 gives dollars in silver, 

and X 1205.46 dollars in gold. 

These multipliers vnll be all that you vdll require for these 
necessary and general quantities; and also for any of the tons, if 
the corresponding number of assay pound units are taken that 
coTistiiutes such different assay tons, when decimated weights are 
used. 

In addition to the foregoing remarks, you should also know, 
by the weights themselves, whether you are taking a ton, a half- 
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ion, or a quarter-ton quantity. This may be easily seen by no- 
tioing these three simple facts: if the first fignre of the quantity 
is a 2, it will be a (on, as 2000, 200, 20, and 2; if the first figure 
is 1, it will be a half ton, as 1000, 100, 10, and 1; if the first 
figure is 6, it will be a quarter-ton, as 500, 60, and 5. If yoa 
have taken the half or quarter, always look upwards for the 
ton, by searching for the next higher and first figure, of 2, as 
explained. 

I have covered considerable space to explain these technicali- 
ties to the amateur, because he is supposed to know but little lof 
these matters ; and hope that I have succeeded in rendering 
them sufficiently clear to his view for all practical purposes. He 
must not forget that the principle, of calculation hinges entirely 
on the assay ton and assay pound, say 2000 against 1; the 
latter being the unit for calculation; and that where the above 
fractions of the tons are used, the same unit is retained, and 
consequently the multiplier must in all cases be either that used 
for the full ton, or be multiplied by the denominator of \he frac- 
tion of ton taken, as that of the last, for the scorifier, where the 
first, multiplied by 4, equals the last multiplier. 

Or it may be done for any quantity , as a compound fraction, by 
inverse proportion, thus: If 2000 pounds require the multiplier 
of 14.68 for ounces per this ton, what multiplier will 600, or any 
other quantity f require, to ascertain its value per ton in ounces? 
It will require a larger multiplier, as already shown, so that 
*««*«=:58.32; so, for dollars, ««5or*=75.4. 

You will see that any number of such units may be taken, 
when of suitable weight for making an assay ton from the 
correct number of such, to suit the method of assay. For in- 
stance, the crucible assay may be made from 2000 grains, or 200 
grains, or 20 grains, because you can very readily use different 
size crucibles and divide into the 2000 units in each case; whilst 
2 grains can be as easily divided, for the principle of figuring, 
in the half-ton taken for the one-grain blow-pipe assay, when 
calculated by the rider, in manner explained. 

English readers may take any one of the tons, as 2240 pounds, 
for assay ton, and any suitable unit thereof for assay pound, to 
suit the kind of assay, so that the unit or number of units, or 
assay pounds, realized therefrom, being multiplied by 14.68 (the 
number of Troy ounces to the avoirdupois pound), the Troy 
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>unce8 and their money value may be also known in £, s. d. by 
nultiplying the ounces per ton by their coin yalue, or the rates 
2^Yezi for fine gold and silyer, at the time and place. (See head- 
jxg 4, for suitable assay ton, for self-calctdation, and sub-diyision 
!or dollars and cents, or ounces and pennyweights, by rider on 
ioitably marked beam.) 

So may the value of any one ton be as promptly obtained, by 
proportion, from any known value of another; as, supposing 
the 2000 pounds American ton yielded at the rate of 3. 12 ounces, 
the 2240 pounds, or any other English ton's value, may be known 
thus: The 3.12 ounces, multiplied by the 2240, and divided by 
the 2000, will show the corresponding yield of such a ton to be 
3.494 ounces, etc. 

When in comfortable quarters, icith good tools, a skilled and ex- 
perienced operator will always find the common bhw-pipe xaosi 
excellent for testing, and, vrUh very superior scales, even approxi- 
mate assaying of silver, as its ores can be mixed to a fair average; 
but, for gold, which is always so irregularly deposited in metallic 
nugget form, it is most absurdly ridiculous to smelt but one grain, 
whioh might or might not have any in it, for average assay inform- 
ation, even were it possible to weigh and value such minute re- 
sultant buttons. It is, however, very correct for the thousandths 
fine of both gold and silver bullion. 

(See my concentration methods by roasting, acids and water, 
combined with final smelting of the very small residue by blow- 
pipe; and also the weighing and self -valuing of button by 
*• liittle Wonder." 

The valuation for percentage of base metal assays is very sim- 
ple, as either exactly the 100 grains may be taken for sample, 
when the weight of resultant button will give it at once; or 50, 
or 25, or 20 grains may be treated, and the percentage got by 
then multiplying such buttons by the conformable figures 2, or 
4, or 5. Thus, if a button obtained from a 25 grain sample 
weighed 5.5 grains, this multiplied by 4 would give the united 
result from fotir such samples, or 22. from 100, and its per- 
centage. 

Samples for thousandths fine may be made exactly 1000 by 
carefully cutting and filing; but it is better to take the chips 
or granulations so as to be only som,ewhai near, and either over 
20 
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or under some nominal thousand, as 1000, 100, 10, or 1 grain, 
and to calculate the result, after cupellation, by proportion: thus, 
if 1120 grains yield 901.2, the 1000 would yield less, and there- 
fore 901.2 multiplied by 1000 and divided by 1120, will give the 
thousandths fine: or if less than the thousand had been taken. 
say 941.3, and it yielded of pure silver or gold 807.6, the 1000 
would have yielded more, and then the proportion would be 
known, by multiplying the result, or the 807.6, by 1000 and 
dividing by the quantity taken of 941.3. 

It may be stated in still plainer terms that the thousandths fine 
can he in all cases found hy mvUiplying the weight of the purified 
metal by 1000, and dividing by that taken for sample. 

See "Little Wonder" self -calculating sample and button- 
weigher at page 202 for dollars per ton and thousandths fine of 
gold and silver, as well as percentage of base metals; and Head- 
ing 25 near the end of chapter for parting gold ff om silver, &c. 

15. THB ASSATIMO OF SILVBR BT DIBEOT SMBLTIHO AKD OITPBLLATION, 
WTTH THB ZXPLOBBB's " WBB PET'' MAOHINE. 

Erect the machine for general purposes, as described at page 
170, Chapter lY, on Discrimination, and as shown at page 307. 

Pulverize and faithfully prepare the sample, as described in 
Chapter I of Section III; so that you may obtain as perfect an 
average as possible, and if the sample is from a district that yields 
chloride, or metallic silver, the upper side of the sieve must be 
closely observed for fiattened disks, as there more particularly 
described, so as to conduct your operations accordingly. 

A. Place the machine in a level position upon the ground, a 
rock, or table, with the weighing and calculating lever trans- 
versely before you.* Take the weight-box, marked W, Figure 29, 
from its compartment in the flux-box, and, keeping the marked 
side on top, slide off the brass fasteners, F F; then, whilst the 
bottom rests on the table, next open its lid, just as seen at the lower 
part of the figure, so that it may expose the weights and still rest 
securely in position. 



* This and the other eighteen noveltiee of the " Wee Pet " Aflsaying Meohine have been 
eeoored by U. S. Patent, dated 7th Seiitember, 1809. 
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B. Now take the tubular weigliing fever out, and place the 
knife-edged fulcnun on ite glaaa eupporte, so that the short end 
may pass out with its hook at the right-hand, whilst the long end 
slightly protrudes its pointer through the left-band side of box. 

G. Square the bow of the small scoop, and hang it to the 
crook, suspended beneath the short end of lever (as in Fig. 28), 

D. Close down the cover of the tool-chest, that lies under the 
scales, and wipe its upper side perfectly clean, so that it ma; 
form a bed-plate for the pan, when weighing. 

E. Take the balancing and assay weight, marked A, that equale 
10 grains and lies on the left side of the weight-box, in yoar 
foreepe, and lay it on the cleaned lid of the tool-chest, with one^ 
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mon blow-pipe aanj of one grain; when the lever again bal- 
ances, the weight of ore will equal A» and is also 10 grains. 
This may now be either treated by my method somewhat after 
the manner of sooiification, as K 1; or as under heading K 2, by 
cartridge^ etc. 

E 1. Place the one weighing of 10 grains of ore in the mould- 
ed or whittled charcoal )'Bupport» and three balancings, or 30 
grains, of litharge therewith, which mix intimately together, and 
then coyer the whole with six weighings, or 60 grains, of test 
lead, and smelt with a gradually increased blast for from fifteen 
to twenty minutes, (as directed under headings T, U, Y, W,) 
and then refine the button as instructed under heading T (for 
cupellation). 

In thitt method, which is much more simple and requires no 
pa\>er cartridge, there are four effects produced: 

1. The mineral is cemented, and fused with litharge, by a 
genUe blast, which effectually preventb loss. 

2. It is first oxidized and finally smelted at full heat into alloy 
with the lead. 

3. This alloy is partially oxidized into litharge, which forms 
a very fusible slag with the matrices, and reduces the weight of 
lead for cupellation. 

4. It is cupelled and refined on bone-ash, as under Y. 

In fusible non-refractory silver and silver-lead ores, 20 grains 
may be treated, by this much more capacious method, when 
aided by these very heavy and compact fluxes, which has also 
other advantages over the scorifier of the concentrating effects 
of the flame on every part of the assay, as it is constantly turned 
round, so as to cause the lead button to travel through the 
mass, and collect every particle of silver and gold that may be 
therein contained. 

K 2. Take from the side chest with the left baud, one of the 
duly fluxed and pasted paper cartridges; then after weighing 10 
grains of ore, as before, unhook the scoop with the right hand, 
and, with the cartridge in a horizontal position, first enter the 
scoop therein, and then, by elevating the former, and tapping 
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the latter with the finger, all of its oontents may be effectually 
dropped and brushed in. 

li. Weigh the same weight (10 grainB) of borax glass, from 
the rig^ht-hand compartment of flux-box, and drop it in similar 
manner thereon. 

M. Lastly, add to these, six balancings (60 grains) of test lead, 
and two weighings (20 grains) of litharge. 

N. Intimately mix these together, by simply stopping its 
mouth under the thumb, and shaking the whole contents be- 
tween the thumb and finger, as you would a small bottle of 
medicine. 

« 

O. Fold the surplus paper snugly down over the ore, place it 
in the charcoal support, with the thick folds towards you, and it 
is ready for being smelted. 

P. These cartridges are made by being first cut into oblong 
strips, four inches long by one and a half inch wide, from 
tough and somewhat bulbous brown paper, such as is used by 
miners for making blasting cartridges, when sinking wet shafts: 
they must be then soaked for an hour in water that has been 
saturaied vrith carbonate of soda, (with as much of the carbonate 
of soda as the water will take into solution,) and to which as much 
mgar has been added after this saiuraiion as the water will then 
liquefy. They are next warmed in the sun or by a fire, and when 
quite dzy, folded on the handle-end of brass charcoal borer 
(Figure 30, Number 9); simultaneously turned over its end, and 
firmly pasted with starch or flour, and withdrawn (as Number 10), 
again dried, and stored for use, when required. 

Q. Take one of the moulded charcoal supports, or an exactly 
similar one, that has been '* whaitled" or filed, from a good and 
solid piece of charcoal, to suit the bell-shaped support; and 
shaped, on its upper side, with the appropriate' charcoal borer 
(Number 9, alluded to under paragraph P), and place either of 
these in the bell-cup, with the ma>chine in the position shown in 
Figure 28. 
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These assay supports may be moulded from the following 
position: 

Pixiely pulverized charcoal 60 table-spoonfuls. 

Daxbonate of soda 4 '* 

Dommon stare borax (not borax glass) 2 

Sxi^^ or molasses 2 

Rice flour, com or wheat starch 1 

Water just sufficient to mix for moulding. 

Take a baking-dish or prospecting-pan, and first place therein 

say 20 spoonfuls of water; into this water throw 4 of carbonate 

of soda, 2 of commercial borax, and 2 of sugar or molasses, all 

measured to the brim, by being struck off level by a knife; warm 

over a fire, stir until the ingredients are dissolved; then add the 

rice flour, and again stir until the liquid boils and becomes, from 

the softening of the rice flour, somewhat paste-like. Take it 

from the fire, and, after it is cold, add the 60 table-spoonfuls of 

charcoal; then mix and well knead it, as you would dough for 

bread. It is sufficiently wet when it just holds together after 

pressure within the hand. 

S. Take the bottomless bell-cup (which is of similar size and 
shape to the assay-supporting holder) from the long]tool-chest; 
place it on the thin brass bed-plate Number 4, that resembles 
the shape of the top of assay support or coal (like Number 5); 
then fill it tightly with the ^composition, by pressure of thejthumb 
and a small ramming-stick, and insert on the top of the moulded 
coal the small cheese-shaped brass disk (Number 6); after ram- 
ming it down fair and square with the top of external mould, 
rest your right thumb vertically thereon, then raise the bell-cup 
mould with a twist up over the thumb, and after lifting your 
right thumb away from, take off this brass covering also by a 
twisting motion. Invert the coal and bed-plate (Number 7) into 
the left hand, and carefully separate, by a steady circular move- 
ment of the right hand, the brass bed-plate therefrom; and lastly, 
after placing Ihem on a stone, to dry slowly by a fire, you should 
sift upon the assaying side, a little dry carbonate of soda: when 
quite dry they will be ready for use. If the mixture is of suitable 
moisture, there is no difficulty in making them, and, as they are 
duly fluxed and do not crack during the smelting, they are bet- 
ter and much safer in use than charcoal. 
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For solid and iruatworthy sapporU, you must hsTo either wil- 
low or pine coal, as all others are liable to spark and ot&ck: 
but any pulverited charcoal will answer for these moulded sup- 
ports. 

^ T. The folded fluxed paper cartridge which contains the ore 
being now put in the moulded fluxed support, place the solid 
handles oi blast-pipes into the main blast-holes; the wind bein^ 
thus securely stopped, blow in a full breath into the machine, ta 
elevate the water into the upper cylindrical column, where it 
should keep its level if all ia well; if it does not, see Chapter lY, 
on that subject. With the water thus kq^ at the maximum height, 
light the four wicks, and closely observe that they are neither 
too tight nor too loose, and that they are suitably trimmed, just 
in line with the blast-pipes. The oil chamber should be also 
qaile fvM of oil. Allow the wicks to bum well up before con)- 
mencing blast, or they will be slow in doing so when cooled bv 
an overpowering blast. 

U. Fix a piece of good solid charcoal in the four spring fin- 
gers of the suspension lever, as seen in Figure 21, page 172, 
and lower it over the assay, to within the fourth of an inch 
of the top of the assay paper, at^uch an angle as will not obstruct 
or divert the flames before the nozzle's blast, the objects being 
to cover, and thus prevent radiation and increase combustion, 
but not to actually receive the blow-pipe's flames, which must 
concentrate on the assay, and bottom or bed-coal. If you have 
no large piece of charcoal, you may suspend the cylindrical fur- 
nace to this spring lever, (as seen in Figure 28,) and supply it 
with a few pieces of the size of beans, and about two inches deep 
over the transverse fire-bars, which have been especially arranged 
for this purpose. 

V. Now take out the blast-pipes and see that they are all clean 
and clear; if they are not, just wipe them with a rag, or free 
them with a needle that is 'smaller than the holes, and which has 
had its temper destroyed by red heat, in the fire. These two things 
mud he slriclly observed, so that you may not enlarge or choke the 
holes by extra size, or break the hard brittle needle therein, and 
stupidly disaifle the machine. 
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Replace these twin-pipes in position and sit down, if the 
is on a table; or, if no better place can be found, spread 
3lanket on the ground, and lie thereon, with your head on 
.ddle for a pillow, so that you may take hold of the cork on 
em of the assay cup with the left hand, and be in a position 
»^vv^ an occasional lungs-full of wind into the machine, and 
L ±116 progress of smelting. We will now, however, suppose 
±, is either on a suitable rock, on the edge of a prospect- 
>it, or on a table, and thus the smelting may be effected as 
vs: 

xce the wick-lever at its inward limits of travel, so that the 
flames shall concentrate on the assay. At first, for some 
>r three minutes, blow vei^y gently into the machine, and see 
fclie flames play correctly on the sample; if not, move the 
ort by the cork on the stem, and the suitably swiveled hori- 
l1 spring levers, either towards or away from you, or up and 
1, by the same diagonal screw beneath the cork, 
le assay must be occasionally turned around, but the flames 
. not be continuous just at this time, which is the roasting 
oxidation period; so that you hQ,ve time to consider your 
ements, and flx in thorough running order for reduction. 
move the udck-lever outwards to its terminus of travel, so that 
Four full yellow flames shall concentraie on and cover the assay, 
st the suspended coal or furnace should also be lowered as 
e down over it as the routes and free passage of the flames 
permit. , 

he currents of air from the nozzles should not travel exactly 
ugh the centers of the flames, as they are then more liable to 
xtinguished under strong blast; and therefore, if such should 
ir, you can bend the intermediate wicks a little inwards, and 
end wicks outwards just sufficient to prevent it, without injury 
he flames. 

[ow blow full breath into the machine occasionally, and when 
>ping to breathe, take notice if the flames begin to weak- 
80 that you may renew it before they stop: it will be 
ferable for you (until you become familiar) to blow in a full 
ath, and then breathe twice or thrice between each full sup- 
of air to the machine. 
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Take partioalar notioe when the gzeaiert heat is produced, ai 
that it conoentratee immediately before and upon the assay saz 
pie. Now the smelting proper begins, and the flames must b 
not only continuous, but well directed, and of the greatest po 
sible heat Turn the assay cup slowly about two rounds one ^a; 
and then two rounds back again the other way, to give all sid^ 
of the assay a fair chance, and to keep it at the same propi 
height in the center of heat The lead buttons will by this tim 
have commenced to aggregate into one, which will now trayi 
around the slag, and you must encourage this traveling aroun 
and through the scoriie as much as possible, by grtMdually n 
dining the stem and assay t so long as you are satisfied that it \vil 
not roll overboard, and be thus lost When the smelting is^^ei 
performed, in from eight to fifteen minutes after these yeUoi 
flames have been thus continuously blown, the slag becomes sup 
pie, and the white-hot button travels freely through and arowu 
the slag, whilst it partially encloses this central button, ju 
as the lid does the human eye. This desirable effect is a mar 
of success; and when produced it may be laid aside usti 
quite cold. 

Jf the slag is thick and immovable, or much scattered, its cod 
dition can be bettered by collecting or stirring it with a smal 
twig of wood, held in the right hand, whilst the flames are still 
playing thereon. 

The following must be always secured: as, good oil and wellJ 
trimmed wicks; good supports, with the assay well centred in the 
heat, the blowing must be so studied that the greatest heat \i 
produced; the covering of charcoal must be positioned correctly, 
for this is the most efficient cause for the successful treatment o 
such a large quantity. 

The long furnace, with iron bars at the lower end, (as seen in 
the view. Figure 28,) will be found very serviceable, when you 
have no large pieces of willow or pine charcoal to suspend in th< 
elastic fingers, for it may be simply attached to, and suspended 
by, the round handle of lever over assay; this furnace may be 
supplied to about two inches deep with several small pieces, 4 
the size of beans, and as this covering fire, when thus supported 
on the small fire-bars, can be correctly lowered to exact position 
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til. for smelting and capellation, it will be often found more 
nv^enient, and always more practical, as well as economical."^ 
I^lie lead bntton or buttons, with the adhering slag, may be 
et parted and cleaned when wrapped in a strong fold of rag, 
id made ready for cupellation by being hammered flat, so that 
e metal may be more thoroughly cleaned and solidified into a 
il^e, as previously described for other assays. 

^. Whilst the button is cooling down, the bone-ash cupel 
ishy be placed in the hot cup, and the covering of charcoal, or 
le upper furnace, lowered over it, so that it will become dry, 
ot and ready, by the time the button is cleaned. 

These cupels may be made in two ways; the first for immediate 
^se, by squeezing moist bone-ash into the concavities at each end 
)f the brass mould Number 21, and then further shaping and 
smoothing them with the suitably convexed bed and top plates 
Numbers 20 and 22). The one end must be filled, compressed 
vnd smoothed; and then, by inverting it on the table, or rock, 
^thout taking off the smoothing and shaping plate, the second 
^nd can be filled in the same manner; and then, after the two 
brass shaping-plates are removed by a suitable twist, the cental 
double cup, that contains the bone-ash, (Number 23,) may be 
placed into the assaying bell cup, and dried for use. The second 
method of making cupels is by placing the cylindrical mould 
(Number 12) on the larger (Number 13) bed-plate, (as Number 
14,) and, after filling it with compressed moistened bone-ash, io 
make a short ram (Number 15) form the upper end concavity, by 
causing it to just enter therein, (as Number 16;) and after placing 
a piece of wood upon it (to prevent its being injured), to force it 
down with a hammer or stone so as to make it sufficientiy tight 
for its purpose; and then, after taking off the bottom by a twist- 
ing motion, invert the mould, and with the flat end of the ram 

*The hettt and OMiMqnent; Bmelttng power maybe much In c rea ae d by a slmnltaneona 
oantral jet of either hydrogen or oxygen gas, made for the purpose, and supplied as highly 
iDflammable tribataries to the regular currents of burning gases from the oliye oil lamps 
of machine. By haTing a nouU for mek ga», they may also be sepsrately made just when 
required, and Ignited without danger of .explosion, to prodnce*their. weU^nown combined 
effects. 

Or a yessel of alcohol may be warmed, beyond [the^assay, and its vapor then conveyed 
by a tnnMd pipe and suitable noaile inttf the eenter of the currents from blow-pipes. Air 
may be also passed through gasoline, when contained In a separate and dktamt Tsssel for 
Absolute safety. 
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(Number 16) resting on the table, twist the cylindrical mc-: 
(Number 12) gradually down to rest upon the table, wfaec " 
naked cupel of bone-ash (as seen in Number 17) may be ^v 
remoTed with the lingers (as Number 18) to- a sale placf* 
diy, for use when required. Such had better be used whec 
are fixed in comfortable quarters; but they are too fmgilfH 
traveling purposes. 

Y. The Cupellation or Button bt Machine may be perfoi& 
as follows : With the wicks as they were for smelidng, and ■ 
covering of charcoal close down over the cupel, blow the fla:.- 
thereon until it becomes red hot; then place therein (vitL . 
stopping) the clean and hammered button, which will ab 
immediately settle into a molten semi-globular shape; as soci 
it looks quite fluid and bright, having no slag or oxide inciu ' 
tion, draw the wick-lever almost close into the body of the r 
chine, so that the ttoo nearer flames shall be STnaU and blae^^l- 
the others are a mixture of yellow and blue. 

Eemember that just sufficient heat must be produced to kr 
the bvMon quite fluid and the cupel in such condition thftt - 
lit^rge, or oxides of lead, etc., may enter therein vrUhout /m: 
on the surface, or clogging its pores; and also that oandalv^ 
facilitated by excess of air, when accompanied by suffideni i- 
These effects may be attained by paying proper attention to 
position of button, which can be varied at pleasure by the 
commodating holders, the stem screw, the covering of chsrciv. 
and the transverse motion of spring levers from the yellow iit^' 
ing or reducing, to the blue oxidizing flames. This latter i:>' 
be modified, or better performed, by appropriate oscillstzi 
twists of the cupel by the cork stem. The cupel should be (X\» 
sionally turned during cupellation, so that different parts of ' 
bone-ash shall be heated, to absorb more base oxides. You - 
here again notice what manner of blowing will reduce the sizi" 
the button quickest, and will be enabled to produce either ^' 
minous fumes of white oxide before the excessive blast, or - 
peculiar wave-like oxidation from the surface of button into 
bone-ash, when it is held half within and halfwUkout the flai-- 

This machine is much more powerful for reduction than oii 
tion, and if any difficulty should arise, the speed of ozidtt 
may be increased in the following manner: first, the nearer 
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last-pipe may be sUghily turned inward so as to unsettle or change 
be focus of action and thereby admit sufficient oxygen at the 
ide; and secondly, you may use intermittent blast so as to get 
he button and cupel thoroughly hot, and then stop blowing fotr 
> fe^w seconds, that it may oxidize as in muffle, and repeat such 
xstions until finished. 

You vnll have no difficulty in oxidizing the base metals off 
lowly, and a little practice will increase speed. "*" 

Until you become perfectly familiar with the appearance of 
nlver and gold buttons, you had better first cupel down to the 
>ize of a buck shot, on the one side of cupel; and after taking it 
9ff and thoroughly cleaning it with pliers and brush, to finish its 
cupellation on the clean side of the red hot cupel. In this way, 
&e clean ash will, in a manner, dispense with the necessaiy 
btelligence for purification. 

The pure button of silver should be frosty silver-white, and 
when slowly cooled, it will suddenly expose, one or more, warty 
protuberances. 

When the cupel is quite cold, lay it on its edge, in a perfectly 
clean plate or saucer; release the button from the bone-ash by a 
careful twist with a pen-knife's point, and clean it by a sqtAve 
of a clean pliers and brush, or by rubbing it on the plate with a 
piece of hard and smooth white paper, until it is sufficiently clean 
for valuation. 

Z 1. To ASOEBTAIN THE VaLUE OT THE BUTTON BY THE CaLCULA- 

TiNo Jjstebi, OB THE DivEBGiNO Stbip Tablets. — Balaucc, with 
weight A in the pan, the main lever's pointer to settle one-six- 
teenth of an inch above the bottom of the opening, and move the 
appropriate transverse lever's line to agree therewith; do this 
with the most conscientious care, as directed under the letters 
A., B, C, D, E, F, and then remove the weight A from the pan 
so gently that no motion will be communicated to it and the 
lever. Next place in the scoop one of the nearest plainly num- 
bered weights — say No. 1 — and drop the button, by laying the 
forceps gently down on the edge of the box, into the groove of 

* A 300-grain button of lead may be onpelled, after you are fully acquainted with the 
i&ode ; 80 that you may smelt twice, thrice, or four timee, and cupel the eeyeral buttons 
t<^ether: a crucible or Morifler button, or lead bullion, amalgam q>onge, or granular and 
^e gold, may alec be alloyed with lead, and thus cupelled and puril\ed. 
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the long end of the lever, just over the figtue, in the colnmie: 
figores, that will pay for being worked by milling, Bmelting, e: 
and again see if the pointer is above or below the line on : 
transverse lever's line; if it then stands above, the assay is too.. 
for its being worked profitably, and what you require is alie&: 
known. If you desire its exact value, move the button outwarc 
by a small piece of thready about a half-inch long, inserted tn: 
versely in the cloven end of a smaU sprig of toood, until the poin'j 
stands exactly opposite, or the next less weight is required 
balance for value. If, on the other hand, the silver button ;. 
fords more than the expenses required for working the ores 
may be carefully moved inwards by the thread, until you are 
formed what its value is on the No. 1 column, or any other niL 
bered weight and column (as seen on Number 1, Figure SI). 

If it should pass stiU furrier in than the highest figure in :- 
column, you may judge what larger numbered weight will : 
required to perfect the lever's balance, and very carefully snl^ 
tute such weight for the No. 1 in the pan, and again move *j 
globule to balance. It may be so large, and you so fortucs: 
that even the largest plainly numbered weight will be insuf&citi 
tqtfpblance it, when one of the weights marked 3 X , etc., vocJ 
be required; if so, balance the pointer with the suitably cu:^ 
bered weight, and read ten times as much as the figures opr 
site the button in the same numbered column, (3 in this ca^ 
by adding a figure to the right of the column (thus, 2,000 wo: 
become 20,000, etc.)* 

In recent machines, the weight marked X 2, Figure 29/:> 
not been considered necessary. 

Z 2. To Ascertain the Monet Value op Buttons, from »' 
AND 10 Grain Assays, por Gold or Silver, by the suitably G&- 
UATED Diverging Strips op the Patented '* Explorebs' Tak= 
Gauge Button Valuer." — Harkort, the celebrated Swedish che:^ 
ist and blow-pipist, was the first to measure the very small b: 
tons that were produced from blow-pipe examinations for g 
and silver. He drew two straight diverging lines on ivory 
paper; the one divided into fifty equal parts, and tbe other - 
laths* weight, as then calculated by ctibing the transverse lifif ' 
neath the diameter of button, when placed with a forcej^ ul 

* Here the real weights eqtutl the nnmbeved dUKnenoeB over A. 
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lagnifying glass, to exactly fill the interrening distance. He 
eaded the left-hand column 50, and the right-hand column 
43. 62 loths in weighiy recording the loths down, at eyeiy fifth 
art, to 0.14. 

Plattner, in a subsequent work on the blow-pipe, gives these 
sales, and suggests another, as more suitable for blow-pipe 
luttons, headed 50 on the left^ and 122.5 on the right; alsomaribed 
nth loths at every division, (instead of every fifth division of 
larkort's,) down to 0.0009. Both of these required great skill 
Old care in correctly placing the button; and, although they were* 
heoreHcaUy, excellent measures for weight, few men have pre- 
ended to realize much benefit therefrom, in practice; whilst 
leiCher of the two had the very practical advantage of efficienijam- 
ning hetioeen aide-straigkt edges, nor recorded the direct money 
ralue at sigJd of gold or silver, for blow-pipe or any other " assay 
ton," without further calculation. 

In the patented " Explorers' Tablet Quuge Valuer,'* two diverg- 
ing and straight strips of metal, being permanently secured on a 
bed, form both guiding side fences, as well as a correct gauge ofth^ 
diameters of buttons; so that when a small globe of gold or 
the product of the machine's assay, is dropped into the 
end of the gauge, it naturally roUs down to jam against these 
the one of which is marked in dollars per ton for gold, and the 
other in dollars per ton for silver, and read at sight, without any 
calculation, which can be rendered into pounds and florins by 
Bimply dividing these dollars by 5. It may also be used for one 
grain silver assays, by multiplying the figure opposite the button 
by 10. It will be thus seen that this is a practical instrument, 
which can be used for approximate purposes by any one who can 
simply read plain cash figures, and that it is not a theoretical 
toy, for merely exercising the judgment for its true position over 
lines, as seen under inaccurate divergent lines of vision, and 
governed by the inadequate capabilities of the hands and fingers. 
See illustration for manner of graduation, (Figure 31, No. 2.) 
For alloys of gold and silver, see ''Assaying of Bullion, or 
Parting of Gold from Silver and the Base Metals, by Fire and 
Acids," near the end of this chapter, under Heading 25. 

If a button from a ten grain assay is found by parting to have 
jTold, multiply the doUars upon the tablet or lever^s table by 16 

for dollars of gold per ton, as the tables agree with a sample of 
21 
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6 tunes as muoh, for gold; and, if 160 grains gold sample 
Ixould produce silver, divide it by 16. So, also, when a button 
;a 10-garain assay for silver produces gold, either at first or 
l^arting by nitrio acid, the figures which lie opposite the 
when it is again balanced, must be multiplied by 16; and 
by 16, as previously stated, if silver should be produced, 
of gold, from 160 grains. 




ASSATINO ox* OOLD BT HACmNE, IN ITS OWN INDBPENDBNT WAT, 
WATEB OONOENIRATION, BY FLUXED FUSION; BBADINO THB 
aULABS OF aOLD FEB TON, AT SIOHT; ETTHEB ON THB SAME SILVBB 
UNDEB CAliOULATING LBVEB, OB BT TABLET. 

•ibis sample a suitable quantity must be taken for the ma- 
cljd^*' assay ton'' for goldy so that the ccUcuUUing lever's table 
afllffer and the tablet gauge^ may also value for this metal. 

a small business card along the middle, like note-paper, 
ng paper pan, which pass through the bow of scoop of 
er of calculating balance, and cut slips from the upper 
this paper card until it balances the pointer at the other 
the line on the cross lever, as the lO-gndn weight nurt- 
when balanced, previous to weighing the sample for the 
iwsay, but with this difference, that the paper-pan being 10 
must now remain in the pan. Take the round brass bar 
that lies in the middle of the weight-box, and gently place 
it dMTSi in the groove on the long end of the main lever, so that 
its Oiitor end may be exactly over, or straight with, the transverse 
UnBf^'OTet which the $80 and $200 figures stand, and shovel your 
wellrinixed and prepared sample into the paper scoop, until the 
pohllmr again stands opposite the line on the cross lever's point, 
when the card paper will contain 160 grains, the requisite quan- 
tity for the calculator, and sufficient for a gold assay. 

Carefully concentrate this 160 grains, as directed in Chapter 
III, and after drying the heavy residue, and extracting the me- 
tallic iron, from pestle and mortar if such were used — ^by a mag- 
net or magnetized pen-knife, if you have them — smelt, cupel, 
and balance for value, precisely as directed for cdlyer assay by 
machine. Judge of its fineness and value by color, or part by 
acids, as directed towards the end of this chapter; then re-smelt 
with a very small amount of lead, and cupel into a button, for 
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final weighing. In this operation, it will be sometimes very effi- 
oacions to place a small piece of charcoal almost over the button . 
M it lies in the cupel, to increase the heat and brighten up the 
alloy for cnpeUation. 

In assaying free gold from clean quartz, where very little or no 
sulphurets are present, 10 times 160 grains may be taken; (1600 
grains,) and, in reading the calculator, divide by 10 for value, by 
taking off one figure from the right-hand side of those opposite 
the button, and headed by the same number of column as that 
on the weight. 

17. ASSAYIXa BULLION BT BLOW-PIPB OB MACHINE FOB VALUE IN OUNCES 
OB DOLLABS FEB TON, THOUSANDTHS FINE AND PEBOENTAGE. 

It is frequently necessary to obtain some knowledge of the 
grade of base and precious alloys of bullion during practical re- 
ductions, and for such hasly outside requirements nothing sur 
passes the blow-pipe or machine. 

A. Base metal bullion generally contains sufficient lead for 
direct cupellation, and as dollars per ton is often required, all 
you need do is to take any suitable quantity and calculate for 
result, or use the S-weight of '* Little Wonder," (3.771 grains,) 
for blow-pipe, or 10 grains for machine, and calculate, after cu- 
cupellation and parting, by either mode, in maimers previously 
explained, for dollars per ton. If you wish to ascertain the 
ounces, from the dollars value, multiply the latter by 14.58 and 
divide by 18.85, or dollars from ounces by inverse proportion. 

B. Precious metal or high-grade bullion is valued by thous- 
andths or hundredths fine, and generally lacks sufficient lead for 
cupellation. Take any suitable weight of bullion for either of the 
methods of calculation described, or a quantity equal to the self- 
cvXating red rider weight of *' Little Wonder," or B-weight of 
machine, as described for bullion and base metal assays, and 
after adding sufficient lead for effectual cupellation, and parting 
by nitric acid, to then value, by the rule of the method used, 
as described under its heading. It is well to remember that amj 
weight of rider shape may be taken for bullion and base metal 
assays, in mode after " Little Wonder," and it will re-balance the 
resultant button just opposite the thousandths fine or percentage; 
it will be also often found more convenient to JUe syx)h a weighi 
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> equal your bullion, than to scrape the bullion to equal the 
eight; and as it will then represent just 1000, its simplicii^ 
reatly favors it for amateurs' purposes. 

For cupellation by blow-pipe, see new method at page 209, 
nd the manner of cupellation by machine has been described 
t pages 317, 318, 319.* 

Weigh the bullion for machine as described in Ohapter IX, 
mder the heading " Assaying of Lead and Antimonial Lead Ores 
jy the * Wee Pet ' Machine," and read its thousandths fine on its 
;elf -calculating table by using the X 3 and X 4 weights in direct 
manner. See parting gold, silver, etc., under Heading 25. 

18. ASSAYXNG OF GOLD SrLFHOBETS BY BOASTINO, ACmS, WATEB, AND 
MACHINE OB BLOW-FIPE. 

Roast 160 grains in an old cup, crucible, or iron ladle, in 
open fire, with half its weight of powdered charcoal, at a red 
heat, gently stirring nearly the whole time with an iron wire, for 
from a half to one hour, until no sulphurous fumes can be recog- 
nized when it is removed from the fire; then pulverize in the 
same vessel, by rubbing. Carefully transfer the whole contents 
to a clean cup, saucer, basin or dish; add thereto double its vol- 
ume of pure hydro-chloric (muriatic) acid, which does not dis- 
solve gold, and boil in the chimney, or open air, for an hour. 

Add water, pulverize, and pass off all the light floculent mat- 
ter, and the iron that is in the solution; smelt, and cupel the 
residue, and directly ifead the value in gold under lever, as if it 
were a lO-grain sample of silver ore, as a 10-grain silver and 160 
gold assay are just the same in these calculated results. In this 
case, the roasting may be effectually performed by machine, either 
in the transversely inserted muffle-like crucible of clay or platinum 
(as shown by Figure 32), or the crucible may be placed in the 
burning charcoal of the cupola furnace from above, then heated 
by the oil flames, as may be required. 

* In cnpelllng larger quantities by blow-pipe, I have fonnd It efficiently conyenlent to 
take a thin tube or cylinder, as cut about three-eighths long, from a three-quarter Inch brass 
pipe, and then to so ram it with boneaeh, that each end nhall form a separate cupel. 

TblB being dried may be placed in the enlarged space of the charcoal after smelting bj 
vxj shaft and tunnel method, as described at page 308. These enclosing walls of charcoal 
will provide a burning fire that will keep the bone-ash and thin brass ring red hot during 
tbe whole tiuae, and the cupellation can thus be more readily performed when large buttons 
are being treated. 
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Piffore 32- 



(Fliad An Boiatfag, Pnilou at ant rt^aitd itf/it, and Ignltloii.) 
19. ABBATma 100 q&unb of bilteb obb; bi BOAVrDra, Aani, coioioH 

BALT, AKD UAOBINi: OB BLOW-PIPE. 

It m^ be sometimes desbftble to assay a larger quantity than 
10 grains of ore, which you can do as follows, in a very correct 
maimer, even when chloride of silver is present, which, in it« 
nnroaated state, is insoluble in adds. 

Weigh 100 grains of the properly prepared sample, which toast 
for thirty minutes, in a cup or crucible, at ted heat, with half its 
weight of pulverized charcoal or flour, (to decompose chloride 
for solubility in acids,) and stir it the whole time, with s long 
but small iron wire. After it becomes cold, first pulverize by 
rubbing, then transfer it to a porcelain cup, and add to this rosat- 
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)d ore twice its Yoluxne of xiitrio aoid, diluted by a thimbleful of 
listilled rain or snow water. 

Soil the contents for one hour, and allow it a half-hour to get 
:K>ld. Filter this liquor through blotting or filtering paper, into 
a dean bottle, and pour in about two table-spoonfuls of some 
pure water (because it contains no salt) above the residue, to wash 
throug^h the remaining liquid, which might otherwise still retain 
a.dliering silver. 

If you have no glass funnel, you can substitute it by inverting 
a small whisky bottle between your kn^es, and suddenly striking 
a largfe nail through its externally concaved bottom, to form a 
suitably small hole. The bottle should be first filled with saw- 
dust or sand, so that the severed piece may not break other holes, 
and spoil it for filtering purposes. 

Pour four table-spoonfuls of water into another bottle or cup, 
witli a teaspoonful of common salt, and, after it is dissolved, 
pour it into the assay solution very slowly, drop by drop, taking 
notice if it renders it milky, or curdles white, by forming chlo- 
ride of silver from a union of the chlorine of the soluble salt with 
any silver then present in the solution. If there is no silver in the 
solution, it will not become, in the slightest degree, milky, and 
the smelting and cupellation need not be performed; but, if it 
change ever so little, you may proceed by adding more salt wa- 
ter until the liquor ceases to be affected thereby. (If you give it 
all, provided it is in solnMon^ although it is unnecessary, it]will do 
no harm.) ^ 

Now by again filtering this liquor slowly through a smaU piece 
of blotting paper, the curds of chloride of silver will not pass 
through, but remain on the upper side of the filter, and when 
quite dry can be safely and snugly folded for smelting. 

If you wish a machine button, dry the filter at the boiling heat 
of water, and after thus folding to enclose the chloride, place 
this ball of paper in the charcoal support of the assaying ma- 
chine, and on it 10 grains (one balancing) of borax glass, and 40 
grains (fotur balancings) of test lead, wd then gently increase the 
blast to heat and cupel, as previously described. 

Of course, this button will balance over a figure that is ten 
times too high for the calculating lever's table, by the ordinary 
weights for the 10 grain assay, so that you must either strike off 
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ft figure iiom the ri^i-luuid side, or oae the weights X 3, 
X 4, and then read the figures as ihey are on the calculator's 
ootimnB* 

20. 1884TISO OF 8ILTSB BT AlOfOHIA, lOTRIC ACID, AHD SALT; THEN 
SKXLrniO AMD CDFKLLIHO TO BDTIOH, BT BLOW-FIPB OB MACHINE, 
WITBOOT BOASmO. 

Where jon haye ammonia, nitric acid and common salt, bnt no 
facility for roasting, take 100 grains of silver ore, that you sus- 
pect may contain some silver in chloride form, which is insolnble 
in acids, bnt completely soluble in ammonia. First, dissolve 
what you can, by boiling in a bowl for an hour, in about thrice 
its volume of watered nitric acid; allow it to get quite cold; then, 
after adding about a wineglassful of distilled, or rain, or snow 
water, filter the liquid through into another bowl. Next, pass a 
second wineglass of water through the solid residue on the filter, 
to dilute and wash the last trace of nilrcUe of silver, etc. , etc. , into 
that already passed through. Precipitate this solution with salt, 
as in the last example. Next lift this funnel off, with the undis- 
solved ore, and spread the filter in the bottom of another clean 
cup, which just cover with ammonia, and warm it for a quarter 
of an hour over a coffee-pot half filled with boiling water. Lastly 
filter this solution into another clean cup, and well wash oat the 
relics of solution from these gangue residues and spongy filters, 
with pure water, so as to obtain the whole of the silver. 

Now precipitate or re-unite the silver frAu last solution, as a 
chloride, by the dow addition of nitric acid; and, after carefullj 
pouring off this liquid and adding a wineglassful of pure water, 
you may strain both solutions on separate filters, and finish into 
button by machine, as before. 

As ammonia precipitates many other minerals from nitric acid 
solutions, they should be treated separately to the end, as de- 
scribed. Any lead or mercury that might be simultaneously de- 
posited, would not interfere with correct results, by smelting and 
cupellation. 

Thus, the precipitated residue from this large quantity of 100 
grains (or even more) may be correctly smelted by blow-pipe oi 
machine. 
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21 . SUHID ASSAY OF ALL KINDS OF 8ILYEB OBXS. 

TVeigh 100 grains, and then, first, manipulate under the direc- 
:ions of either A or B, until you have precipitated all the silver, 
^ a pure chloride. 

A. Treat the sample by roasting with charcoal, dissolving in 
nitric acid, and precipitating with common salt, as explained un- 
der heading 20, and then, to insure purUy, you should, in this 
humid case, first dissolve the thus precipitated chloride of silver 
by ammonia, (so as to free it from lead and mercury,) then filter 
and re-deposit it by the nitric acid, and filter for valuation by 
drying and weighing, as explained below. 

B. Dissolve the sample tmthout roasting, as under heading 20, 
and use the above precaution about lead and mercury by dissolv- 
ing the chloride of silver from the acid, in ammonia; when, after 
re-uniting the two ammoniacal solutions, you must precipitate 
by excess of acid, then well wash, dry and calculate as directed 
in the following paragraphs. 

Having a superior balance and set of weights, you may remove 
the filter to a clean porcelain bowl, and dry it thoroughly by 
placing it, as a lid, over a sauce-pan, kettle, or coffee-pot, half 
filled with boiling water, for at least one hour, or until it ceases 
to lose weight; then hold it in forceps, and bum the paper thor- 
oughly by the application of a match, so that the chloride resi- 
due may fall into a clean saucer. Sweep this into the scale- 
pan, or .balanced weighing-cup, and record its weight. The 
weight of the well-burned, extremely light residue of paper, may 
be known by burning another similarly sized piece, when, by 
weighing its residue, the proper allowance may be made. 

Another, and perhaps more satisfactory mode, will be to dry 
perfectly, at boiling heat, two exactly similar filters, and carefully 
balance them in the scale-pans, by cutting chips from one or the 
other with scissors. 

Filter the solution through the one, and dry both aa before; 
then the difference of their weight will be equal to the quantity 
of chloride of silver that is present. Or you can first dry one 
filter y and exactly balance it, if you are going to finish the assay 
right through; and after filtering thereon, when the precipitate 
has been thoroughly dried, to balance the both by additional 
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weights, whiofa will at onoe gire the actual wei^t of th« dbkmde 
of ulyer. 

It is seU-eTident that where there is the least ehanoe for lead, 
mereory or salt being present in any form — ^nearly always so in 
tailings, bat seldom in ore — ^the preliminary roasting and final 
smelting and oapelling operations are to be preferred; for the 
former Tolatilizes the otherwise dangerous mereory, whilst the 
latter passes off lead and all spurious matter, by onpellation, to 
giTe yon the mnoh more satisbctory and tangible silver button. 

The chloride thus obtained contains 76.3 per cent of silver; 
so that, by referring back for your corresponding assay unit io 
the quantity taken for assay, you can readily ^calculate as before, 
after knowing the actual weight, in such units, of silver obtained. 
Thus, if 100 of chloride gives 75.3 of silver, how much will your 
weight (say 1.2) of chloride yield of silver? 

Or 76.3 multiplied by l.a=:90.36, which, divided by 100, will 
give .9086 of assay unit. 

Or 76.3 xl.2as90.36, and, by moving two points to the left, is 
divided by 100; thus 90.36 becomes .9036. 

Or move the multiplier two to the left; thus, instead of 76.3, 
say .763x 1.2=.9036, as before. 

Or weight 1.2x3, and divided by 4=.9, will be sufficiently 
near for most purposes, as it varies in this case but thirty-six 
ten-thousandths of $37.71, or only just thirteen cents per 2000 
pounds ton. 

22. ASSATINO OF 8ILVSB BV THB USI OF OOMXON SALT, GALLED *' VOL- 



UMKTBIO/ 

This method was first devised by Guy Lussao, and, although 
it is veiy suitable for the purposes of experts, with laboratory 
facilities, who have many assays to work through every day, 
most of which may be bullion, it is certainly not so useful for the 
occasional, more diversified practical purposes of the miner, 
millman or smelts; and thereforelt has been seldom used in 
preference to other methods. 

In common with all the peculiarly acid modes, where salt is 
the precipitant, the lode oir its mineral should contain neither 
9aU nor mercury, (so frequent in milling and not always absent 
from vein); for the former, m?en after roa»ting^ would precipitate 
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ihe nitrate of diver to an insoluble chloride, eo that the filtered 
solution would be robbed of this much by its lying on the upper 
side of filter; whilst the latter, unless the sample had been roast- 
ed, by rendering the filtered solution milky, from the nitrate 
of mercury being thus changed to chloride, would deceive the 
best judge, by creating a similar appearance, as well as using a 
lar^r volume of the test solution than belonged to silver. 

It may, however, be used on ores, free from salt, after egH- 
cieni roasting with charcoal powder, by dissolving and filtering 
to a clear solution, as directed under No. 19; but, instead of 
precipitating and weighing as described under No. 21, for the 
simple humid assay of silver, it is placed in a clear glass vessel, 
as a Florence flask, and the quantify of silver is^ascertained by 
visual notice of the milkiness produced by certain volumes of a 
previously regulated salt solution. This clear solution, of silver 
^th nitric acid, is then changed to a chloride by the addition of 
a highly diluted and correct standard solution of conmion salt, 
which renders the liquid more or less milky, and slowly pricipi- 
tates chloride of silver to the bottom of the vessel: when more 
salt solution may be then added to test the upper and clear solu- 
tion, imtil the exact time has arrived when no milkiness is pro- 
duced thereby. The measured volume of solution used corres- 
ponds with, and informs you of, the quantity of silver present 
in the sample by any " assay ion " quantity you may desire, as 
described for other methods. 

For metallurgical works and mints, where large quantities of 
silver have to be otherwise treated in the wet way, it is frequently 
advisable to assay by this means, where it will be better to pre- 
pare the solution of salt in such a manner and of such strength 
that every 100 grains or volumes of the solution shall precipitate 
one grain of pure silver; and, to prepare such a solution, it will 
be necessary to add to every 99.4573 parts, by weight, of pure 
water, 0.5427 parts of pure salt, and to check and perfect for 
accuracy by subsequent trial on pure silver, with the graduated 
tube for this method of assay. This parallel and cylindrical 
glass tube, about fourteen inches long and one-fourth of an inch 
internal diameter, is graduated, for about nine inches in length, 
into one hundred parts, for reading equal volumes, the termini of 
graduations stopping somewhat short of each end. To facilitate 
its being filled and emptied as required, the bottom is somewhat 
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ooniraoted to a dropping point, bo that, by applying the thumb 
to the top end, the liquid may be oonveniently regulated, retard- 
ed, or stopped, by neoessaiy admiwrion or stoppage of the air, 
just when required during the test for quantity of silver in solu- 
tion. Each mark wiU, of course, then represent one-hondredth 
of a grain of silver precipitated. Stronger or weaker solutions 
may be made, to suit any desired " assay ton," or for hastening 
the work during the first part, in assaying rich bullion. These 
solutions will require frequent corrections for strength, as well 
as for the temperature, and consequent change of bulk; and as 1 
do not deem it sufficiently important for the reader's purpose to 
use some sixty pages for its full explanation, tables, etc., I must 
refer the very few who will require more information on the sub- 
ject to John Mitchell's work on Assaying, where he has translated 
the whole mode of operations, etc., from the French description 
by the inventor of the process. 

For occasional purposes, both for tuition and use, I have found 
it more convenient to nearly approach this solution, and to cal- 
culate for value as follows: Weigh out the last named ratios of 
filtered water and common commercial salt, and add a slight ex- 
cess of salt, (or, in fact, any other ratio within practical limits;) 
then dissolve one grain of pure silver in nitric acid, and very 
carefully ascertain how many units of the one hundred parts of 
the graduated tube is required of the solution, to precipitate the 
one grain of silver; which, for illustration, we will suppose to 
be 98. 

This may be then used as a base for calculation; thus, if 98 
volumes precipitate one grain of silver, how much will the num- 
ber of units required for your assay solution precipitate 3 — and 
you obtain the answer in grains; which will lead to any other 
answer required, by further calculation in the ordinary way for 
ounces or dollars per ton. 

Here you may also simplify the mode, and come to direct an- 
swer, by taking any other silver button from assay of known ton 
vdLv£; dissolve it in nitric acid, and precipitate as you did the 
one grain above. Thus, supposing the dissolved button obtained 
from any assay ton represented $75 per ton, which required say 
65 volumes of solution of salt for precipitation; it would again 
be, as 65 volumes are to $75, so are the volumes or units required 
for present assay, to its dollars per ton. 
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Or, as in the self-caloulating systems, you may, by much pa- 
tience and perseyerance, so strengthen or dilute your salt solu- 
tioxi, that eaoh unit, being equivalent to " assay pound," may 
represent $1 in value for a suitable '' assay Um^ as fully explained 
in i>he self-calculating arrangements in the fourth part of this 
oUapter. Or, you may only approach this lad unii quanUlyy and 
calculate as just stated above. 

Q^e miner, miUer and smeUer may make good use of this, in a 
rurvel m/mner, for daily testings of what rock urUl exceed the cost of 
recLuction; as if it required say $40 ore to pay profit, he may keep a 
sijuUable measure for the test solution, and cast only (hat qiumtUy in 
the nitrate of silver solution first, and then add Ttwre to know if any 
profit remained, 

23. ASSAYING OF OOU) BY '' AQUA BEOU/' ETC. 

Gold can be assayed in the wet way, by dissolving say one part 
of the pulverized sample, placed in a glass flask, bowl, or cup, in 
two parts of what has been called '' aqua regia/' which is a vary- 
ing mixture of from two to four parts of hydro-chloric (muriatic) 
acid with one part of nitric acid; the former being varied, for the 
best solubility of the associated base materials; the sample should 
remain for about two hours in cold solution, but one hour will 
suffice if it is kept gently boiling. This gold solution must be 
diluted with its bulk of water, then filtered through the regular 
Staring paper, (or common blotting paper, first soaked in clean 
water, will answer in its absence,) and evaporated over a lamp to 
perfect dryness, as described under the twenty-fifth heading, 
on '' Parting,'' etc. Water must be now added to this dried res- 
idue, for the purpose of re-dissolving th^chloride of gold that 
has been thus formed (by the chlorine from the hydro-chloric 
acid), and which is completely soluble in water. Lastly, boil this 
liquor with either oxalic acid or sulphate of iron in saturated 
solution, until all the gold is precipitated as a brown powder, 
which can then be well washed, dried and weighed, in the man- 
ner described under the twenty-fifth heading, on ''Parting Gold 
from Silver," and calculated as under the third heading, at pages 
270 and 271. 

There are many precipitants of gold, but these will be best for 
your purpose. Oxalic acid may be made, when required, by 
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diMolTiag one part of sugar in six parts of nitric add, boilingi 
solution until the reddish fumes cease, and taking out the 
ofooMMo add when the Uqdar is cold, 

24. ASSAYINa OF GOLD BY CHLOBINB GAB. 

A. Auriferous quartz and sulphuret of iron may be assBi 
and experimented on for ascertaining the percentage that can 
obtained from the ore on the large scale, by being* dissohed 
chlorine water, chloridized by passing chlorine gas therein, aii 

Figure 33. 



V 




precipitated by sulphate of iron, in miniature apparatus (soldbv 
those who supply assayers' materials), and which in a/ction ex- 
actly resembles that of Plattner's process for the BjanipuUtioQ 
of roasted sulphurets on the large scale, which will be tuHj ^^' 
plained in the second volume of this book. 



porised means of assay and experiment, 



}Uowing 
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wUh mvch greater eaee and faaitiJty^ and is even more correct and 
eseading. 

Take a large-mouthed pickle jar, as that shown by A, Figure 
33 y and a large demijohn, small-neoked glass or stone bottle, as 
B, or other suitable yessel, (that will hold sufficient for the 
quantity on which you would wish to assay or experiment,) and 
the common naptha lamp, C, to warm the solvent. 

A oork must be shaped to fit the large-mouthed pickle jar, and 
two india-rubber tubes obtained, the one about two feet six 
inches, and the other six inches long, and from one-fourth to 
thxee-eighths of an inch internal diameter, to feed the acid and 
form the connection as shown, so as to conyey the chlorine gas, 
generated in A, to B. / 

Now, you should bore two smooth round holes in A's cover, 
and also two in the cork of B, just sufficiently large to make a 
gas-tight joint by mere compression on the rubber tubes. 

To afford safety, and at the same time obtain the necessary 
pressure for urging the gas forward from A to B, as well as for 
providing a kind of '' stink trap " to prevent the otherwise direct 
ascent of the gas, the rubber tube should be looped in the man- 
ner shown under the cork of A; and on the right or ascending 
side, at about two inches above the bottom of l^e loop, and say 
one inch under the wood cover, a hole, one-fourth of an inch wide 
and a half-inch long, must be cut; to allow the acid to pass in, 
as shown by the drops from the first or short end, and at the 
same time to give free passage for the gas from A into B, through 
the long end; thus all backward passage is prevented, without 
the use of glass fixings. 

The other end of this pipe, D, may descend into B, about five 
inches ; whilst the short tube, E, merelyffltarts just under the 
cork, for the free exit of the lighter air as the heavy gas enters 
over the ore. 

The apparatus being made as above, take twenty pounds of 
pulverized quartz, or sulphurets of iron; the latter must be well 
roasted and stirred at a red heat, with about a teacupf ul of finely 
pulverized charcoal, or common flour, for about two hours, in a 
wrought-iron fiying-pan, and then allowed to become quite cold. 
This must be placed in the large demijohn, B, and gradually 
moistened with water throughout, by frequent small additions 
and shakings, until it becomes just the consistency of masons' 
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mofiar for trowelling, when you may foice in the oork, &, to sto] 
the mouth of the demijohn. Now place two ounces of finel] 
pulyerized peroxide of manfyanese in the jar. A, which securel] 
stop with the cork, a; and mix eight ounces of hydro-chlori< 
(muriatic) acid with four ounces of dear water, and pour this into 
the vessel, A, four ounces at a time, at intervals of about thirty 
minutes. The vessel A should be thrice the size of the ndxtnre 
described, to afiford sufficient room for ebullition. The chlorine 
gas thus formed, over a gentle heat from the lamp, C, is pure, 
and can be passed over through the rubber tube, on to the ore, 
and, being much heavier than the air, will lay down thereon, 
saturate its water, and dissolve the gold. Before re-supplying the 
acid, the large bottle, B, must be well shaken each time, which 
can be done after removing the cork, b, and substituting a sepa- 
rate one for this especial purpose.* 

It can be done, however, without this, by stopping the rubber 
tubes, either by pressing them with the thumb and finger, or by 
a cloven-ended small branch of a tree, similar to a clothes-pin, 
or tying them with a cord, during the time required for ehaking. 

O. Another, still more convenient^ and very easily applied 
method, is shown by the following illustration: 

The bottle, A, is put into a sauce-pan full of cold water, and 
after being placed on a stove, or over any gentle fire, this bottle 
is first supplied with aU of the dilute hydro-chloric acid and per- 
oxide of manganese, as given in the last example, under heading 
B; then cork by a, which has now but one hole, to receive a 
half-inch rubber exhaling tube, that may not be more than 
about eighteen inches long, to cany the gas into the open-movihed 
demijohn or jar: as tM water gradually warms, the heavy chlorine 
gas is formed and forced through to fall down on the moistened 
ore, until the bottle becomes nearly filled therewith, which may 
be seen by its yellow color. The rubber tube may be now stop- 
ped for a moment, and the whole gas-forming and supplying pari 
removed out-doors, or the tube passed down into another small- 
necked bottle for a few minutes; whilst the demijohn that con- 



*Thl8 iB a better and easier way for obtaining the chlorine gas, for assaying pnzposes, 
than the mode practiced on the large scale, where abont eight parts of solphuric acid act 
on a mixture of four parts of salt (chloride of sodium) , five parts of water, and three parts 
"lerozide of manganfisft. 



UBT^JiUBQIBTs' COHPAHION. 3S7 

una the oblotine «tid moiat ore is olosely seonred hy cork 6, and 
iolently shaken for some minates, to more thoronghl; chloridize 
de water for diBSolving the gold; the demijohn is again placed 
Q position and supplied, as before, with more gaa, for another 
epetition of this shaking process, when it may be allowed to 
emain thns secorely corked until next day. 
Pigure 34. 



In the morning, pour in about one quart (ft water, and shake, 
>B before, to absorb any remaining chlorine gas into solution, 
and looeen the whole mass of pulp; allow it to stand for an hour; 
ik%n nearly fijl the Teasel with warm water, and, after it has had 
time to settle, carefully ponr the liquid off into a clean earthen- 
ware or glass bottle (filtering it is much better, if you have the 
facilities); then, after pouring in a aecond quantity of about two 
luarts of warm water, to extract what atill adheres to the residue 
o! sample, the gold may be precipitated from the clear liquid by 
BolatioQ of sulphate of iron or oxalic acid, (made as described 
imder heading 23,) in the following manner: 



^ 
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Aboot twenty drops of hydro-ohlorio acid should now V 
added to the dear liquor with some disBolyed Bulphate of iios < 
oxalic acid; and it must be occasionally stirred with a glass ic^ 
(or a small inverted glass bottle, test tube, or slender piece 
wood,) until all the gold has been precipitated. 

Thisjiquor must be filtered, the filter dried in a basm, •' 
212^, over a sauce-pan of boiling water, then flamed andbnn^- 
to powder in this basin, and the gold separated by water-^> 
ing and subsequent drying, as preyiously described at pages i^ 
and 294, under Heading 12 of this chapter. 

The filtering may be dispensed with, if you lack such cootc 
ience, or knowledge, by pouring the liquor carefully out, clea: 
ing and drying the gold after the manner under Heading iZac 
weighing it for value by the mode described under the " Partk 
of Gold from Silver," under the twenty-fifth heading of tl* 
chapter. 

Or the gold can be separated from dirt, etc., by cnpellati^ 
with lead, if you have a furnace or machine^ and in low gis^ 
cases, by blow-pipe. 

To calculate the value per ton for a twenty pounds sample 
multiply this weight of gold thus obtained, by 100, for wbt ^ 
2000 pounds ton of such will produce. 

For any other quantity, see the third and fourth headings . 
this chapter. 

Chlorine gas is not only disagreeably pungent, but veiy poi 
sonous when inhaled; so that it must not be allowed to escape 
into the room. 

26. ASSATINQ OF BULLION AND PABTINO OF GOLD FROM BILVKB ASP Bifl 
METALS. * 

Theoretically speaking, you may take any even round nonl'^f 
to represent an exact thousand, as 1000 grains, or 100 gnin^ 
(1000 tenths of a grain,) or 10 grains (1000 one-hundredths of v 
grain), or 1 grain (1000 thousandths of a grain), and cupel witr 
sufficient lead to purify for direct answer, in thousandths h^ 
of silver or gold; but for actual practice I have much prefen^' 
taking a sample only wmewhai near to any n<yminal iko\aand a^' 
then calcuLaie reeuUa for fineness, as directed at page 324, ond^' 
Heading 17. 
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The maimer of taking an ayerage sample must naturally yary 
with the means at hand and the purpose for which it is intended. 
The miller should prefer to average high-grade bullion, when 
pouring the hot molten metal into bricks, by simultaneously 
dropping very lUUe into a conyeniently placed trough of water, 
from the first, middle, and last of his pot; so as to produce what 
are termed granulations for assay: the smelter of base bullion 
must be satisfied by chipping small pieces from the corners of 
say eyery tenth brick, and melting these into a general brick for 
assay; or by dipping from every direct discharge of metal from 
the fmnace and saving these as water granulations in manner of 
the miller : the city assayer will re-melt and granulate, or 
drill a hole through the center, or run chances on numerous 
chips. 

In the separation of gold from silver and the base metals, the 
following hints should be kepi in mind: 

1. The alloy of metals should not contain more than one- 
fourth its weight of gold, and if it does, {which may be known by 
not being blackened by the nitric acid,) sufficient silver must be 
smelted into the alloy, before the acid will follow the minute 
ramifications of silver, or other metals, to thoroughly dissolve 
them out and leave nothing but pure gold. 

2. The nitric must be free from hydro-chloric acid, and have 
about a certain specific gravity, of 1.16 for large operations, by 
dilution with a proper quantity of water. "*" 

3. The button should be flattened very thin, and boiled in the 
acid for from ^ye to twenty minutes, and at least until all action 
eeases. 

4. The residual brown spongy gold must be well washed, in 
either distilled, snow, rain, or, at worst, comparatively pure wa- 
ter, which must be particularly free from salt, that would increase 
the weight of the supposed gold, by depositing a coating of 
chloride of silver on its surface. 

* ror the ordlnarj pnrpoM* of MMjing. inch «■ parting the rttnlttng buttons, it will b« 
quite umeeewurjr to obeerre this extreme nicety In the itrength of the aeid; for it wiU be 
M«n th*t if a little too mveh water ahonld be iiist need, it wiU quteUy eraporate, lo thaft 
thia exact atMBgth la merely nominal, and can be retaioed bat for a leoond of time, as eon- 
tinned eraporation wm loon paaa aU off, and rectify the acid. Therefore, about one pert 
of water to f onr parti of the add wiU »nmee for eneh oocaaional pnrpo a ee. 
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6. It should be warmed to red heat, until the brown metal 
ahows a golden color, for more positive proof of its pnritj, and 
to free it from other substances which might have adhered 
thereto. 

To ascertain thousandths fine for silver or gold, from carefuUj 
averaged samples of bullion, the base metals' thousandtihs are 
first oxidized away in the air and cupel, as in the smaller previous 
examples, which leaves the pure alloy of silver and gold. 

The total weight of this refined button is first ascertained; the 
globule is then hammered or rolled very thin, and coiled into a 
more compact cylindrical shape; it is next placed into the bulb 
of H glass parting flask, which has the size and shape of a hen's 
egg, but prolonged by a half-inch tube from its smaller end for 
about eight inches, which serves for partially condensing the 
fumes from the acid and holding sufScient water to cleanse the 
parted gold and convey it to a small crucible, for being warmed 
to redness in the muffle of the furnace, which must be kept suffi- 
ciently hot for this purpose. 

In mints, and the large bullion establishments of cities, several 
of these flasks are used together, and, after the rolled and coiled 
samples are placed in these vessels, the egg-shaped bulbs are 
half-filled with acid of 1.16 specific gravity; they are then placed 
in a suitable rack, at somewhat reclined positions, over as many 
gas-burners, to be gently boiled for some twenty minutes, or 
until all action ceases, so as to insure complete solution of the 
silver. 

The flask must be now filled with pure water, then carefully 
decanted, and re-filled. Now, with .the left hand, place the 
smallest sized French crucible over the mouth of the flask, and 
with the right hand gently invert the latter, so that its water may 
quietly pass away, while the gold drops into and remains at the 
bottom of the crucible, care being taken that all of the gold has 
been washed down, and if not the washing must be repeated. A 
little practice will be necessary to perform this with ease and 
certainty. 

Being sure that all the gold has descended, you may now re- 
move the flask, and, after pouring the water away from the gold, 
place the crucible first in the mouth of the muffle, for slow evap- 
oration of its moisture, and thence into the interior, so that the 
may be increased to redness, for purification, etc. 
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It may be then removed, and, after it becomes quite cold» 
nreighed as thousandths fine of gold, and this weight being de- 
ducted from the total, the difference will be the thousandths of 
silver. 

I have used, when away from gas, the cabinet described under 
the ninth beading of this chapter, where the bottom front row 
of pigeon-holes were marked from A 1 to 10, for weighed assay; 
tbe second front row, marked B 1 to 10, received the resultant 
crude buUoriy from smelting; the third front row, marked C 1 to 
10, received the cupelled button; and the top row of the cabinet, 
marked D, received the deposit of gold, after it had been parted, 
in such flasks, that reclined against their respective numbers, 
over as many small lamps, which had been supplied with sufficient 
alcohol to bum the proper maximum time. 

A common household naptha lamp will also be very useful for 
such purposes, when a small wire is entwined round the upper 
pari of its glass chimney and terminated by a ring to support the 
dish; asC, under vessel A, Figure 33. 

For quartz assays, and other isolated, occasional requirements 
of miners and metallurgists, the following will be more available 
and equally convenient, * and, for such small quantities, much 
more exact, than the method described. Take, instead of this 
flask, a small porcelain dish, a thin teacup, or other similar open 
vessel, that will stand the action of acid over the necessary heat, 
and boil until all the silver is dissolved. This may be done over 
a sufficiently heated clean stone, a hot stove-top, or, still betler, on 
the ring of wire over the lamp, as described; these being clean 
and smokeless, are superlatively convenient for such and similar 
purposes, whilst the heat can be by the latter suitably adjusted 
and equally sustained to suit your various requirements, by the 
wick-elevating side screw, as seen in front of lamp C, Figure 33. 
This being accomplished, the acid may be poured away, and 
the vessel carefully filled with clean water and emptied twice or 
thrice, when the brown deposit of gold may be boiled in the half- 
filled bowl for just a few minutes, to remove any foreign ad- 
hesive substances; and then, after this water has been very care- 
fully poured away, the dish and gold must be warmed so hot as 
possible, until you are satisfied, by its appearance through a 
magnifying glass, that nothing but gold remains. It will not 
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atUin genenl gold-like lustre at this tempemiore — only a par- 
tial but aatiiifafftory color; which will, when braised by a dean 
pestle, expose the bright yellow gold. 

With the glass in the left hand, and a sharp-pointed pen-knife 
in the right hand, yon may now loosen these sponges of gold, 
from the dish or cup, being careful that if any partiole thereof 
sticks to the knife or forceps, it most be retomed by a gentle tap 
on the edge of the Tcssel. 

Commercial assays will demand still greater aecnraey, and yon 
should transfer these sponges of gold to a piece of platinmn, gold 
or silver foil, and sabject them to red heaf, for just a few secondst 
OTcr an alcohol lamp, before weighing. 

When these become quiie edd, they may be easily weighed to 
the most exact degree of nicety that it is possible for your balance 
to realize, in the following manner: 

Cut two similar pieces of common blotting paper, about one 
and a quarter inch long by one inch wide, and after folding them 
the long way, like a sheet of note paper, trim off the comers with 
scissors, BO that they may exactly balance on your scales. This 
soft and compliant bulbous paper is much more suitable for such 
purposes than the more elastic, uncertain motioned and slippery^ 
glazed note-paper. 

Now, these being correctly balanced and suitably folded, you 
can remove the right-hand paper from the pan, to a clean dry 
spot, intervening yourself and scales, and, by taking the vessel 
that contains the gold in the left hand, you can so incline it that 
assisted with gentle taps of the pen-knife or forceps, eveir 
particle of gold may be made to fall upon the balanced paper, 
whilst the nearer half will form a vertical and most effectual 
stop-fence, and convenient handle for replacing it in the scale- 
pan, in ascertaining the weight of gold. 

26. PABTDTO, B7 XXTB^OnOH OF THX BILVXB FBOM ▲ TLVID ALLOT OT 
GOLD AND BZLVEB, BY OHLOBINZ OA& 

The affinity of silver for chlorine is much increased by high 
temperature, whilst gold loses its affinity, and is therefore secure 
under such conditions. 
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Tliese properties baye been long known, and acted on in many 
modified ways for preparatory roasting and simultaneous dilori- 
dation of silver ores, to render tbem less refractory, for tbe yari- 
ous subsequent methods, for manipulation by pan amalgamation, 
smelting, or purely chemical treatment. 

Plattner's process for extracting gold from previously roasted 
siilpliuret of iron depends on the fact that cold chlorine water 
has such 4 strong affinity for gold that it can be readily dissolved 
therein, and again precipitated at pleasure, by sulphate of iron, 
etc. 3 etc. 

Mr. Miller, of Australia, the Assayer of the Sydney Mint, 
knowing of this indifference of hot or molten gold for chlorine, 
has recently experimented thereon at that establishment with 
apparent success, for refinage of their gold for coinage purposes. 
As it is irrelevant to your requirements, I mention it more as an 
interesting and novel application in large metallurgical works, 
than for profitable application in your business. 

I see, from the inventor's lengthy description of the mode of 
operation, published in the Chemical News, that it is accomplished 
as follows: 

One or more (of 17 or 18 sized) French crucibles are duly pre- 
pared with borax, and laid in the cold furnace, to be slowly and 
carefully heated to dull redness, when from 700 to 800 ounces of 
the auriferous alloy (cast in such shape that two ingots shall suit 
the crucibles) are placed in each one., and then quickly melted; 
from two to three ounces of fluid borax is now poured from another 
hot crucible thereon. 

During the last ten minutes of this melting, a small fire-resist- 
ing clay tube, that forms the nozzle or fire-end of the chlorine- 
supplying pipe, has been slowly heated, so that it may not split 
when introduced into tbe melted gold. This pipe is carefully 
lowered to the bottom of the crucible, which must be now cov- 
ered, and at the same time supplied with chlorine gas, to prevent 
the gold from rising and settling in the tube. 

Being kept in this position by a few small weights, it is con- 
tinuously supplied, by suitable pressure, with the gas, which 
quietly bubbles up through the molten alloy, without projecting 
any globules of metal from the pot. 
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Variously colored fumes arise during the process, winch ii 
cate the presence and exit of the different oxides or chlorideB 
the base metals; and when these have all passed, and all of 
silyer has been chloridized, the chlorine gas shows its chi 
istic yellow, and deposits this color on the stem of a white cli 
tobacco-pipe, when inserted through a hole in the crucible-iidL 
plug being removed for that purpose; the operation (which 
quires about one hour and a half) is now suspended, the cradl 
removed from the fire, and the liquid chloride of silver poi 
into suitable dry moulds. After its solidification, the rei-h 
gold is extracted, by inversion of the crucible, and thrown into! 
concentrated boiling solution of common salt, which dissolvr? 
the adhering chloride of silver. It is said that all these oper^ 
tions can be readily performed, and about 2000 ounces refined:: 
five hours, with three common melting furnaces, and that t- 
thousandths and quantity of gold then retained will equal thv 
obtained from any other methods. 

27. PARTINQ OF GOLD, SILVER, LSD BASE METALS, WHEN AMALGAIUI^' 
WITH MKBCUEY. 

The diy amalgam, as received from the strainer, or backskiB, 
when in considerable quantity, is first freed from the mercorv^J 
being retorted over a fire; the mercury is recovered by conden- 
sation, whilst the goldand silver will remain with the base met- 
als, as metallic sponges; which may be fused in a crucible "^^ 
borax, and cupelled in sufiSciently large quantities of bone-asb. 
with a suitable amount of lead for proper purification, as de- 
scribed for cupellation on the small scale. The base metals can 
be also oxidized away by adding sufficient nitre to the boiftii 
during fusion in crucible, so that the alloy of gold and silver may 
be then directly poured into moulds. 

The silver and gold may be now assayed for thousandths fic^ 
of each, by either drilling a hole through the brick, or chippiDc 
off a sufficient quantity from the corners — say 10 or 100 grains-' 
for separation by acid, etc., as under Heading 25. 

Small lumps of well flattened amalgam may be wrapp^ *- 
strong folds of paper or rag, with half their weight of bortf . 
then gradually heated and fused in a somewhat capacious croo- 
ble with sufficient lead, and cupelled; or, being first correctlj 
fused with borax and nitre, after the base minerals are tiios oxi' 
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iized^ they may be more directly parted by nitric acid, withont 
3opel]atioii, as before; for thousandths fine and value. 

28. BJEFIMIMO 07 OOLD AND 8ILTEB FBOM ALL S0T7BCES. 

Tlie refinement and separation of gold and silver, although a 
stariotly metallurgical operation, is not always accomplished in 
the most direct chemical manner, but is often varied to suit local 
circumstances; and such reagents are used for dissolving and 
precipitating the silver as will best answer the two purposes of 
obtaining the silver and the resulting profits from the sale of the 
more suitable and simultaneous productions. 

Tliese commercial modes need not be exposed here, as the 
miner will not require them. 

The most effective method for refining gold and silver is that 
BO graphically described in the Bible; the base minerals were 
then oxidized, as they now are, by cupellation on a porous sup- 
port, at suitable temperature before blast; the only difference 
being in the superior mechanical arrangements of modern times. 
As the cupellation of large quantities of base bullion, for its 
silver and gold, must be illustrated and described in Volume 11, 
on Mining and Metallurgy, we will now but consider the more 
simple and ready methods for the melting and cupellation of the 
smaller quantities as generally required by miners, after the more 
ordinary milling operations, rather than those from m\Tch more 
extensive commercial reductions. 

These small amounts of gold or silver, when either separated 
or alloyed wiUi each other, and with the base metals, may be 
treated in the following manner. 

A. A crucible of good sound clay, or plumbago and clay com- 
position, is selected, of suitable capacity for conveniently holding 
the required quantity of alloy; and placed in the furnace, in such 
a position that it can be enclosed with a suficient amount of 
charcoal or coke, to produce the intense heat that must now be 
gradually attained, for the proper fusion and refinement of gold. 

If the mass of alloy is comparatively pure, it may be immedi- 
ately refined in the crucible, by first adding thereto from one 
to four per cent, of nitre, (nitrate of potash,) then from one to 
five per cent of borax, and, after it has become thoroughly fluid. 



346 THB BZFLOBSBS . MINBHS AND 






some finely pulTerised bono eah ehoold be thiown on its sozf ac« 
The nitre oxidises the base metals; the borax, by forming^ f usibte 
slag with the.gangue of iron, etc., will extract and brings such to' 
the surface of the molten metal; whilst the bone-aah.^ being 
thrown on a few minutes before pouring into the ingot mould 
will absorb the base oxides with the unoombined surplus borax 
and slag, and otherwise serre to dean the metal and complete 
the refinement to gold or sUver. 

B. A large day crudble, that has been previously used for 
smelting (if cracked it will answer this purpose) may be rammed 
with bone-ash, and suitably concaved to retain the alloy. This 
prepared cupel must be gradually dried, then placed in the fur- 
nace and warmed to bright red, when the alloy is put thereon, 
with sufficient lead to extract the base metals, by oxidation, 
which will pass away in fumes and into the bone-ash, when the 
air f 8 allowed to pass in and over the moUen metal, from the top of 
the furnace. 

The quantity of lead will vary from about one-fourth to ten 
parts, according to how much the alloy may contain of base 
metals to be thus oxidized; which should be approximated by a 
preliminary examination with blow-pipe, or some other method. 
The appearance of the insufficientiy refined metal will also inform 
you when more lead should be added; which see, under Head- 
ing 2, Cupellation. 

G. Large sized scorifiers will be found very convenient and 
effective for the refinement of ordinary quantities of gold, for 
they can be thus shaped with bone-ash, and the refinement per- 
formed in the muffle. 

If one is of insufficient capadty, the bullion may be divided, 
and as many as eight scorifiers can be worked at once, by the 
double muffle arrangement of the furnace, as illustrated at page 
283. (Old scorifiers vdll do. ) 

D. Sepabation of Gold aiid Sn.VEB tob Bkauzation. — These 
operations, that have been so much varied at different places, to 
suit special commercial circumstances, as to the prices of re- 
agents and sale of resultant products, may be performed by you 
in two ways, as follows: 

Dissolve the alloy of gold and silver (which must contaiQi 
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reasons stated at page 339, under Heading 25, at least three 

of sUver to one of gold) in a suitable vessel, with boiling 

aoid of 1.16 specific gravity, until the sponges or flocks of 

yold are perfectly freed from silver; then transfer the solid resi- 

Ine of gold, or the nitrate of silver solution, into another vessel, 

f or* tlie more complete purification of the gold by water-washing, 

and subsequent; fusion, for the purpose of its being cast into an 

ing^ot, whilst the silver is precipitated as a chloride by common 

sal'fe^ from the solution, which may be fluxed — after the manner 

sug^g^ested by Gay Lussac, and used by Dr. Miller — ^by mixing 

to every 100 parts of the chloride, 70.4 parts of carbonate of lime 

(say chalk, marble or calc), and 4.2 parts of charcoal. It must 

be 'farmed to dull redness, and kept so for a half-hour; then the 

temperature is increased to bright red, when a mass of pure silver 

is produced. 

G-melin advises to flux with one part of resin to three parts of 
the dried chloride, which are intimately mixed and packed into 
a crucible, to half fill it. A moderate heat is first applied, which 
g^radiially bums the resin; the heat is then raised to light red, 
when, the cover being first removed, a little borax is added, the 
contents are heated to more perfect fluidity, and the crucible 
removed from the fl)re. The masses of silver produced may be 
a^ain fused with borax, and poured into moulds of any desired 
shape. 

£. The alloy may be dissolved in boiling sulphuric acid, and 
the silver then precipitated by copper, to metallic condition; 
whilst the copper, being thus brought into the solution as sul- 
phate, will also become valuable to you, or can be sold in local 
markets. The metallic gold and silver can be collected, fluxed, 
smelted in crucible, and run into moulds, as before. 

G. H. Makins, an assayer in the Bank of England, described, 
in his Manual of Metallurgy, the following method for producing 
pure silver and gold, which may sometimes suit the more exten- 
sive requirements of the miller: • 

•* To prepare it, coarse dlTer is dissolved in nitric acid, somewhat dilute; when all is 
dissolved tmt associated gold, a further quantity of hot water is added, and the whole 
aOowed to ataad until the gold has completely snhsided ; the nitrate of silver is then to be 
poured off carefully, and an excess of common salt added so as to precipitate all the silver 
as chloride. After subsidence, the add liquid is decanted, and the chloride well washed 
with repeated (quantities of hot distilled water, until the latter is fkee from sold. The 



348 THB BXFLORERflF, lONEBB^ AND 

eblorlda to thm aeldiilitod with hydso-chlorie aeld, added In the p t op o rt i on of abont om 
pint to each tm pounds of chloride. Into this mnd s nnmber of plates of clean wrought 
Iron are pnt. A copious erolntlon of hydrogen is at onee set op at the sarfnco of the Iroo. 
and the solntloa of the latter commencing, the chloride of slWer adjacent to the alipi Is 
sednoed, and this redaction will qwead from each slip of iron thronghont the whole, whlrh 
will thus become a spongy mass of silTer. The silTer should not be disturbed till all if 
reduced, or portions of chloride sre apt to escape reduction. When all traces of cblorid* 
are gone, the Iron is esrefully remored, the chloride of iron solution poured off, and t^ie 
whole mass coTered with a qnantltj of hot water, to which about one»tenih its bulk of pure 
hydrOiChlorie acid is added. After standing a few minutes, this Is poured off and reneir^J: 
and, after the decanting of the seeond portion, pun hot water is added; and, lastlj, tb* 
whole is wsshcd ss quickly as possible with repeated quantities of hot water, until tb« 
washings will not render a dilute solution of ferrocyanlde of potassinm 1a the smalleit 
degree blue. The siWer is then squeesed by the hands, and dried in a porcelain basin. If 
thla process be carefully carried out, it will glTO a product as fins ss 099.7 parts in 1000; 
that is to isy, conttlnlngonly thxee-ten*thoussndthsof admixture, which latter to probtbly 
due to peroxide of iroa.*' 

Ths roLLOwiKO Tables — bavocio, bt unm, from 1 to 999 

THOUSANDTHS FINE — SHOWING THB MiNT VALUES OF OOLD AND SlLYEB 

Bullion, at peb Tbot ounce, will be regarded as an acquisition to 
this chapter, as they may be used after assays for ihousandihsfine 
from any decimal weights. 

Having ascertained this fineness^ the total value may be also 
known by simply multiplying its opposite relative value (in the ad- 
joining column) for either gold or silver, by the whole weight of 
such bullion in Troy ounces. 

(The fractions of the ounces should be also decimated.) 

The Oold Table figures may be proven by multiplying the value 
of A pure ounce Troy of gold, or $20.671834625 by your thousandths 
fine, and dividing this product by 1000. 

The Silver table cAn be also checked by multiplying $1.29292929 

(the worth of an ounce of pure silver) by any one fineness and 
dividing by 1000.* 

Tou should, however, consider these tables as bui theoretical and 
approximately near the ultimate values; as the buyers wUl not only 
test the fineness, bui composition; more particularly regarding the 
values and refractory characteristics of associates, to know the cosi 
of separation, etc, 

Af> a rule, the higher grades are nearer the tables. 

* English readers may first value as above, and then roughlj divide by ff (or the eztft 
deo im a t ed number of exchange) to give the relative value in pounds and tenths, or flarlitf- 
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OOMMEBOIAL VALUES OF GOLD 

(480 gniiw) Ttaj oonoe, al from 1 to 999-thoiuaiidth8 fine. 
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968 


125.16 




819 




05.89 




869 




12.36 




919 




18.82 ! 


969 


125.28 


8d0 






06.02 


870 






12.48 


9SK) 






18.95 i970 




125.41 




821 




06.15 




871 




12.61 




921 1 


19.08: 


971 


126.54 




822 




06.28 




872 




12.74 




922i 1 


19.2111 


972 


1 26.67 




823 




06.41 




873 




12.87 




923 




19 34i 


973 


126.80 




824 




06.54 




874 




13.00 




924 




19.47;; 


974 


125.93 




825 




06.07 




875 




18.13 




925 




19.60' 


975 


126.06 




826 




06.80 




876ii'4 


13.26 




926 




19.73 


976 


126.19 




827 




06.93 




877 




13.39: 


927 




19.851 


977 


126.32 




828 




07.05 




878 




13.52 




928 




19.98 


1 


978 


126.45 




829 




07.18 




879 




13.65 




929 




20.11 




979 


126.58 


890 






07.31 


880 






13.78 


990 




* 


20.24 


980 




126.71 




831 




07 44 




881 




13.91 




931 


1 1 


20.37 




981 


126.84 




832 




07.57 




882' 1 


14.04 




932 




20.50 


■ 


982 


126.97 




833 




07.70 




883 




14.17 




933 




20.63 




989 


127.09 




834 




07.83 




884 


A 


14.29 




934 




20.76 




984 


127.22 




835 




07.96 




885 




14.42 




935 




20.89 




985 


127.36 




836 




08 09 




886 




14.55 




936 




21.02 




986 


127.48 




837 




08.22 




887 




14.68 




937 




21.15 




987 


127.61 




838 




08.35 




888 




14 81 




938 




21.28 




988 


127.74 




839 




08.48 




889 




14.94 




939 




21.41 




93a 


127.87 


840 






08.61 


890 






15.07 


940 






21.54 


990 




128.00 




841 




08.74 




891 




16.90 




941 




21.66 




991 


128.13 




842 




08.86 




892 




16.33 




942 




21.79 




992 


128.26 




843 


« 

« 1 


08.99 




893 




16.46 




943 




21.92 




993 


1 28.39 




844 




09.12 




894 




15.69 




9441 




22.05 




994 


128 52 




845 




09.25 




896 




16.72 




945 




22.18 




996 


128.65 




846 




09.38 




896 




15.85 




946 




22.31 




996 


128.78 




847 




09.61 




897 




16.98 




947 




22.44 




997 


128.91 




848 




09.64 




898 




16.11 




948 




22.57 




998 


129.03 




849 




09.77 




899 




16.23 


949 




22.70 




QOa 


129.16 



'be valne of one Troy omiM of pnn (thonnnd fine) sUTer to $1.39292999, ote. 
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CHAPTER IX. 



A88ATINO OF LEAD. 

X. Bt Cbucible. — The ores of lead can be assayed for percent- 
ag^e more promptly than those of gold and silver, per ton; but 
if accuracy is essential, great care must be taken to understand 
tlie constitution of the mineral, unless this deficiency of knowl- 
edge for exact fluxation is rendered unnecessary, by relying on 
tlie universal action of, and chemical changes produced by fire, 

during fifteen minutes preliminary roasting at a low red heat. 
All lead ores which are valuable to miners, when thus roasted, as 

^well as those several ores of carbonate, chromate, phosphate and 

oxide of lead, which do not require it, may be fluxed and smelted 

in the following manner: 

A. Average your sample with great care; take 25 grains of 
ore and 50 grains of carbonate of soda, which intimately mix and 
then drop them, by aid of a long-handled scoop, into your red- 
hot crucible; quickly cover these with 50 grains of carbonate of 
soda, and close the furnace for about twenty minutes, when you 
may remove the crucible from the" fire, tap it lightly, to precipi- 
tate and unite the molten globules of lead, and after it becomes 
quite cold, it may be broken for extraction of the button, which 
must be brushed clean and weighed. Multiply this weight by 4 
for percentage of metal from the 25 grains of ore. 

In assays of importance you should never rely on one, but 
make say three, of 18, 20 and 22 minutes, and record the highest 
result, from the most suitable time. The heat should be a little 
higher than red. 

When properly conducted, this will extract as much lead, from 
all classes of ores, as any other mode; and, although sulphuret 
of antimony may be present, very little will be reduced by these 
fluxes, as it will volatilize and combine to form slag. I have 
observed that molten lead, when carbon is present, will in a 
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numner amalgamate wUh a little antimony, which makes it crack 
on the thin edge when the button is rolled or hammered into a 
broad sheet. 

The snlphnret of antimony is often associated with that of lead, 
thronghont the Western States and Territories of North Amer> 
ioa; but even then, this mode will be found quite sufficient, if 
you will use the precaution of re-melting this button, once or 
twice on charcoal before the flame of the blow-pipe, and stop 
blowing just when it becomes quite fluid; as this allows the yeir 
little antimony which the lead retained, to more freely pass off as 
a white oxide smoke. 

For ordinary purposes, even the worst ore, that of sulphuret of 
lead, (galena,) need not be roasted. 

When antimony m preteni^ an iron crticible must not he used, as 
it also reduces Qie sulphuret ofanJtimony to metal. 

B. Should it be required to ascertain the percentage of lead 
and antimony, the same quantity of ore may he treated as above for 
lead; but, for both lead and antimony: to this end, the 25 grains 
of ore must be fused with an intimate mixture of 75 grains of car- 
bonate of soda, and 75 grains of cyanide of potassium, which 
will reduce both metals; and this weight, multiplied by 4, will 
be the percentage of alloy, whilst, tiie former percentage oi 
lead being deducted therefrom, the difference will give the weight 
of antimony. 

Pure lead will flatten to a very thin disk without cracking its 
edges, and it may be eyen then repeatedly bent across the mid- 
dle without fracture. 

The above modes are universal and reliable for all the ores of 
lead which are of any value to the miner. 

There are several other methods practiced in different districts 
for assaying pure galena; but they require mueh discretion, where 
there is any chance for associaiions vrUh atiMmony, etc., or errors 
will be the result. 

A carefully averaged sample may be much more conveniently 
smelted in muffle, from even ten grains in a suitably small cru- 
cible; but, if more is taken, the larger crucible will require an 
open Are. 

If copper is present in the ore, a more moderate heat, and less 
time, may be advantageously given, so that as little copper as 
possible may be reduced. 
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2. Assaying of Lead and Antimonial Lead Obes, bt the '' Wee 
Pet" Machine. 

A. Carefully prepare the sample for average, as directed in 
Chapter I, Section III, for all other assaya 

B. Balance the lever with weight A, so that the pointer of the 
main lever may lie opposite the line on the end of the irawsverse 
lever. 

C. Carefully remove weight A from the scale scoop, and 
place the weight marked B therein, in the manner described 
under headings A, B, C, D, E, F, G, and H, pages 307, 308, 
and 309. 

D. Shovel the ore into the other end of the scale scoop, until 
the toeight B and this ore bring the pointer of the main lever again 
to balance with the line on the cross lever, and it will conform to 
the quantity marked 1000 against weight marked X 4, in the 
No. 4 column, under the calculating lever. 

E. Return weight B to the weight-box, unhook the scoop, and 
drop the weighed sample into the concavity of a prepared char- 
coal assaying-cup, prepared by means explained under the silver 
assay, and then you may cover it with 10 grains of carbonate of 
soda, as obtained by one balancing, after weight A has been re- 
moved from the pan. These should be mixed just as thoroughly 
as possible, as it will greatly assist the reduction, and obtain a 
higher percentage from the same ore. 

E. If pure lead is required, the lamps may be now lighted, 
and the sample almost covered by a piece of solid charcoal, 
(properly clasped in, and suspended by, the spring-fingers, as 
seen at page 172, by Figure 21,) or partially covered by a fur- 
nace of fire suspended thereover, (as shown by Figure 28, page 
307,) and smelted for some ten or fifteen minutes, as described 
under headings T, U, V, W, pages 314, 315, on the Silver Assay 
by *' Wee Pet " machine. 

G. Remove the resultant button of lead from the support, . 
clean off the slag, and balance it with one of the numbered 
weights, marked X 3, X 4, (as explained at page 319, under Head- 
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ing Z 1,) and the button by lying oppoEdte its fraction of 100) 
will thtia expose its thousandths at sight. 

Decimate the last right-hand figure (or diTide by 10), and r> 
percentage may be also known. 

Thus, say with weight X 4, in the scale scoop, the bntte 
balanced just opposite 800, in No. 4 column; this would be $.' ' 
per cent. 

If, at another time, it balanced with weight X 3, (in the soi* 
scoop,) opposite 180, in No. 3 column, this would, when de^ 
mated, equal 18. per cent., which is sufficiently low for pncti:L 
purposes. If, however, you would value still lower, usei- 
weights marked 4, 3, 2, and 1, and decimate two right-hii^- 
figures. 

H. If antimony is also required, take the same weight of :> 
as before, but flux with one balancing (10 grains) of carbonatt 
soda, and with another balancing of the cyanide of potassiti 
when the total will represent the alloy of lead and antimoiij,&^ 
the difference of the percentage of these buttons, produced frt 
the separate fluxings, will, with the same precaution as for '^ 
crucible assay, give the percentage of antimony. 

3. AssATiNO OF Lbad AND Antimonial Lead bt thx Coxx ' 

I 

Blow-pipe. 

A. For obtaining pure lead, take one grain of pulyerized c:* 
and two grains of carbonate of soda, which intimately inii •' 
gether, then after covering it with another two grains of csrV' 
nate of soda, smelt in a paper cartridge for from six to ei£> 
minutes, in a good yellow reducing flame, as fully described ^ 
der heading 13, page 294, for the Assaying of Silver by ComE'* 
Blow-pipe, or at page 212, for assaying lead by my more su?i 
and efficient methods 

Clean the button from slag, and hammer it very thin; if '-' 
edges are free from cracks, and the disks can be repeatedly ^' 
across the middle without breaking, the metal issufficientirp:' 
if not, re-place it on the charcoal, and warm it with an inUt: 
tent flame, but just to molten state, for a few seconds, so '-^ 
any slight traces of the more volatile white oxides of zinc o:- 
timony may pass off, and repeat the tests of flattening, etc.,c 
pure lead is thus obtained. 
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3. If antiinonj is present in quantity, flux with an intimate 
ixtnre of one grain of carbonate of soda and one grain of cya- 
ide of potassium, which cartridge with the same quantity of 
bdi flux to cover, and smelt, as before, for from six to eight 



Ttiis cleaned button will contain both the lead and arUimony, and 
le Anreight of lead from A, being deducted from that of the alloy 
roxn IBy the quantity of each can he known, 

^With a good balance, a carefully averaged sample may be thus 
Qost readily assayed; and the good blow-pipist requires no better 
aeans than this for the ordinary practical purposes of mining 
fcnd reducing lead and antimonial ores. 

Tlie percentage-calculating lever, illustrated by Figure 38, 
Cbapier XI, under the heading for "Assaying Copper by the Com- 
mon Blow-Pipe/' will be very useful for general practical pur- 
poses, as it may be easily made by ordinary hands, and suits any 
loeighi of ore taken for assay, when the resultant button is bal- 
anced on the longer end, against such weight in the pan; and 
the '* Littie Wonder " of Figure 24, page 202, vrUl be stiU more 
correct and serviceable. 

4. AssATiNG 07 Lead by Water Conoentbation. 

A. Galena (or sulphuret of lead) is found in very many mines, 
in a state of complete isolation from antimony and other heavy 
minerals; and, where such occurs, a more accurate, economical, 
and expeditious assay can be made by water concentration, for 
its equivalent quantity of metallic lead, than by any other method 
whatever. This may be accomplished in the following manner: 

Take 1000 grains from an average sample prepared after the 
method of Chapter I of this Section, and carefully concentrate it 
thrice, by the manner fully explained in Chapter III, at page 
164; after the several concentrations are collected in a plate, 
! saucer, bowl, or other suitable vessel, it may be thoroughly and 
safely dried, at boiling temperature, by placing the pan or sau- 
cer, as a lid, over a sauce-pan or coflFee-pot of boiling water, (as 
shown by Figure 35.) 

This dried residue may be next transferred to a previously bal- 
anced paper, and weighed for its percentage of galena, which, 
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being multiplied bf 86.6fi and divided by 100, (or more Bunpli 
multiplied b7 the decimal nombers .8656,) ita actual percenta^ 
of metallic lead will be ascertained; and this dried weig^ht ma; 



be also multiplied by 4 and divided by 5, so as to ascertain the 
lesser quanti^ that can be obtained from crucible assay, or more 
eztensive smelting operatioDS. 

If a little metallic or magnetic iron or copper should be pres- 
ent, the former can be extracted by the magnet, and both may be 
dissolved away from the concentrated ore, before it is dried, in a 
few drops of diluted sulphuric acid. 

Thw method give* proper aredit to, and calcu^ee /rom, the pre- 
cipUaie produced by naturai formation, toilhoul any aaeielance from 
those more tedious and difficult artificial manipvJatvma, which require 
much mare time, knowledge, aUenlvm, and expensive tools. 

In lead mines yielding other ores, it will be frequently found 
sufiBciently near for the daily working purposes of the miner, to 
first ascertain how much Tiietallic lead can be obtained from 100 
grains of a thoroughly corwenirated sample of such ore, by crucible 
assay; and, instead of using the former multiplier for galena, to 
aabsHtule the one thus created for his individu^ purpose, to ascer- 
tain the produce of such impure, yet sufficiently equable, ores. 

There are no very easy and reliaMe methods, suitable for your 
purposes, for the assaying of lead ores by acids, etc., unless you 
have some chemical knowledge, and the facilities afforded by a 
laboratory; and, seeing that the above more appropriate methods 
are always at hand, it will be unneoessary to describe any of the 
far-fetched, ohemioal modes. 
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CHAPTER X. 



ASSAYma OF ANnUONT. 

1. St Obuchbub. — There are many uncertain fluxes used for 
ssaying antimony, and one that is more efficient and trustworthy 
iian all others; it, however, has the disadvantages of being more 
xpensive and scarce. I hfive endeavored to reduce the num- 
)er of fluxes as much as possible, and when certainty and effi- 
dency are not endangered, to simplify .the operations of assaying; 
md as this flux greatly favors these intentions, by reacting in a 
nanner not only peculiar to itself, hut superior to all others; the 
trifling difference of its cost should not^prevent its use, when so 
preeminently serviceable. For your occasional purposes, even 
this disadvantage is much modified by the fact, that many others 
are thus rendered unnecessary. 

To 100 grains of the nearly pure, well averaged pulverized 
sample, add 300 grains of cyanide of potassium, or in proportion 
to the sample — ^as ascertained by water concentration and calcu- 
lating scales, on the antimony line, at page 277, as it also hap- 
pens, like nitre, to require just 800 — ^it may be then thoroughly 
mixed, tranferred to a crucible, and placed in a moderately hot 
fire. It should be closely watched, and, in ten minvies after U 
^ arrived at a red heat, it may be withdrawn from the fire, and 
either quickly poured into an iron mould, or allowed to get cold 
in its place, when it may be extracted by fracturing the crucible, 
then cleaned and weighed for percentage. 

If close results are required, it will be necessary to give differ- 
ent times, as ten, twelve and fourteen minutes, and see that they 
shall scarcely exceed a red heat. 

2. When Galena is also Present. — It must be fluxed in pro- 
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portion, as at page 860, for the ratio of both zaetals; then smei: 
ed, and calculated for each, as there directed. 

8. The Ajbbay of Antimomt bt Blow-pipb. — ^This isnoti^ 
able when pure antimonial ore is treated; but, when aomewht 
mixed with lead as an alloy, the mutual afi&niiy greatly helps, u: 
it may be then more correctly reduced, as at page 360, nice 
^* Lead and Antimony." 

4. Assay of AurxMomr by Maohinb. — When mixed with oos£> 
erable lead, it is more practical than by common blow-pipe, &:• 
may be smelted in very similar manner, and fluxed as atpc- 
360, for such alloy. 

5. Assay of Sulphtjbkt of Aittdcony by Water. — ^When nt-. 
from other minerals, it may be concentrated, as fully desciilt 
at page 163, and under Heading 4, page 363, for the "I^- 
Assay;" dried also, as shown by Figure 35; and the percentsp 
of metal may be known by multiplying it by .73. In workiog - 
mine, any peculiar multiplier may be obtained as under lead, :V: 
approximate working purposes. 

So, also, for ordinary practical purposes on the same mi^- 
from similar ores, advantage may be taken from its extraordin&r 
volatilization under the action of heat, after which compaiisoi^ 
from actual assays may be made and tabled for reference wbe: 
required; thus, if a sample of 100 grains of sulphuret of antiB:- 
ny, of known crucible assay percentage of metal, after havk 
been placed in a previously balanced or weighed clay sconce:. 
crucible or roasting-cup, should diminish in weight anyiecorded 
percentage, after say twenty minutes roasting in a stove or other 
Are, at a red heat, it will, when tabled in another columiii oppc^ 
site the real assay, serve as a convenient guide for future occs* 
sions. 

The Humid Assay of Antimony — Is too difficult for amatems t' 
it can only be correctly performed by experienced chemists, wiu 
ample laboratory facilities. 
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CHAPTER XI. 



ASSAYING OF OOPPEB. 

Dbe methods, both for safhpling and assaying copper, have 
3n too much governed by the smelters, who have treated mi- 
:b just exactly as they thought proper, and therefore the 
jrodxice," or percentage, is even to this day more ruled by 
xverUional minimum modes than the real quantity of copper in 
e ores. See Chapter I, Section III — on the preparation of the 
mple — ^for the absurdities of this and superior excellence of the 
)V7 mod^. These assays are made in the following most waste- 
1 manner: 

1. The Assayinq of Coppeb nc Cbucible, bt Cobnish Method — 
\ recognized by all the smelters, and may be performed by the 
>llowing fluxes, in the manner now being described. 

Common salt, in Us damp state. 
Common salt, perfecUy dry, 
Fluor spar. 
Lime. 

Borax. (" Borax glass " is mtijch better,) 
Nitre. {Nitrate of potash, or saltpetre.) 
Charcoal. 

Tartar. ( Cream of tartar, or argol, ) 
Sulphur, and sulphuret of iron, quite free from copper. 
White flux. 
AU of these must be pulverized. 

The latter you may prepare, when required, by mixing six 
table-spoonfuls of tartar with four of nitre and one of dry com- 
mon salt, in a mortar; and then stirring them for a few minutes, 
^th a red-hot iron bar. 

Those who would become acquainted with all the several de- 
tails of the varied mechanical manipulations and chemical reac- 
tions produced in the Cornish method for the crucible assay of 
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copper, may consult the elaborate deecription contained in i 
iBxge work on Metallurgy, written by John Percy, M. D. , F. K. 
Lecturer on Metallurgy at the Gk>yemment School of Mine 
London; but the following will be sufficient for the requiremen 
of the miner: 

Prepare and pulverize the dried sample for ayerage, in thi 
manner described in Chapter I, Section HE, noting the upp 
side of the sieye for flattened disks of metallic copper, which, 
found, must be calculated separate^, as preyiously described fo: 
gold, silver, etc., from the whole weight of the sample, or thus: 
If say 1900 grains of sample yielded 28 grains of such copper, 
what ratio would 100 grains (or any other quantity taken for as- 
say) have yielded? Which may be known by multiplying this 
weight of 23 grains by the 100 grains (or any other weight taken 
for sample), and dividing this (product of 2300 grains) by 1900 
grains, the total quantity from which the disks were obtained; 
and as in this case it equals 1.21 per cent., and robs the assay 
that much, it must be added to the percentage, as directly ob- 
tained from the 100 grains, which did pass through the Bieye. 

To do away with all these tedious collateral manipulations, 
calculations, etc., unless the copper is in excess, I prefer to com- 
pletely dissolve these thus obtained disks, in the least possible 
quantity of sulphuric acid; and then, after diluting the solution 
a hundred fold with water, to scatter this coppery acid drop by 
drop throughout the whole pile of ore, before it is dried (so that 
one drying may suffice); then to completely mix, both before and 
after, ere the sample is weighed. The more equable result ob- 
tained is of greater consequence than the veiy slight error occa- 
sioned by the weight of the few drops of acid thus added to the 
whole pile, which can, however, be allowed for, if necessary, by 
taking the proper ratio of ore in addition, when weighing for the 
assay.* 

An excess of the quantity required for assay must be taken, 
and dried at 212^, the boiling temperature of water, so as to have 
sufficient surplus for repetition of the assay, in case of accident, 
and for preliminary examination by water, (as previously de- 



•In gold and silver ueays. the former may be thus dissolyed by two dropg of hydro- 
chloric add and one of nitric acid ; and the latter by nitric add, then diluting and equally 
disseminating in similar manner. 
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ribed in Ohapters in, lY and Y, Section HI, on " Disorimin- 
ion of Minerals for Practical Purposes/' etc.,) to ascertain, in 
is case, whether it belongs to the class of copper ores denomi- 
tied by Cornish assajers the '* Baw Sample/' which contains 
±le or no sulphur; or to that by them called the "Warm 
unple/' that contains much sulphur, and requires preliminary 
tastiiig. 

The quantity of ore taken for the assaying of copper is varied, 
^cording with the quantity and qualiiy of mineral for metal, 
> as to obtain a button of suitable size, and therefore several of 
le fluzes remain about the same. 

A -weight of 400 grains has been chosen to represent a suitable 
uantity for the poorest ores, which is divided into hundredths, 
nd again into eighths of one unit of such percentages, to repre- 
ent the market " produce." 

Per ores under 10 per cent, of copper, 400 grains, or their 100 

weight, is used. 
Dhose above 10 and under 30 per cent, of copper, 200 grains, or 

their 60 weight. 
>res that exceed 30 per cent, of copper, 100 grains, or their 25 

weight. 

These assays are then performed by the following series of 
hstinctly different operations: 

A. BoABTiNO TO Expel the Sulphub. — ^Weigh the dried sam- 
ple, and, if roasting is required, place it in a crucible about four 
inches high, so that the ore may have sufficient room for being 
stirred, v^ithout causing it to escape over the edge. Warm it to 
red heat, stirring it continuously with a small rod of iron; the 
mouth of th^ crucible should be slightly above the fuel, and 
inclined away from the draught-hole leading to the chimney, 
so that the air may freely enter and oxidize the ore. 

The roasting can be completed in from fifteen to thirty min- 
utes, when it should present an earthy, pulverized appearance; 
but, if such has not been accomplished, another sample should 
be more effectually roasted. 
24 
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nmple» may be intimately mixed, and fused in the Bome omoibleJ 
with equal weighte of borax glass, fluor spar, and slacked lime/ 
covered by a layer of common salt. 

After the orudble's contents have become thoroughly molUn at 
a high temperature^ when treating an unxoasted sample of very 
low grade copper pyrites, a little nitre should be added; so, also, 
when the raw sample does not contain any sulphur, about 20 
grains should be given to have jiufficient for producing good 
regultts; then a little lime, fluor spar and borax are again taken, 
and, when thoroughly fused to fluidity, the contents must be 
poured into the button mould, when, after it has solidified, 
it may be dropped into a shallow water-trough, to remain until 
the adhering slag can be readily separated from the heavy rega- 
ins. This must ^be of a bluish bronze color, with considerable 
metallic lustre, and generally contains from forty to seventy per 
cent, of copper. 

This button of regulus, which should be medium between dull 
and bright, must be vexy finely pulverized in a mortar, with a 
little charcoal or coke, care being taken that none is lost, either 
over, or by sticking to the mortar; then transfer it to another 
similarly sized crucible, for re-oxidation by a second roasting. 

0. BoAsmra the Beoulub. — This is effected by placing the 
crucible on the fire, warming it gradually, during continual stir- 
ring with a steel or iron rod, for about twenty-five minutes, until 
it shows a brownish-black earthy appearance, and all sulphurous 
fumes have ceased. 

D. Smslttno of the SiTLPmDE Beottlus fob Impure Cofpkb. 
Mix (in the same crucible) with this ''roasted regulus" 25 
grains of nitre (nitrate of potash or saltpetre), 25 grains of borax, 
15 grains of coal powder, 100 grains of dry salt, and 200 graiixs 
of tartar. Cover this well disseminated mixture with a table- 
spoonful of common salt. 



* In fluxing for regulna, the effects sought are • fusible dag (produced bj borax and fluor 
qpar) , which shall also contain the oopper, etc., when oxldlasd and fused to ■niphlde foxm; 
hence the addition of sulphur, or sulphuret of iron, to oertain om0» which oontMa no 
sulphur in their natural constitutional forms. 

The lime facilitates the separation of the lighter stratum of the slag fkom the legnlui. 
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Place the cracible in the fire, oovered by a pieoe of coke or 
sli&rcsoal, and heat it as qniokly as possible, for about fifteen min- 
ates, or until perfectly fluid; tiien, after adding a litUe white flnz, 
(to oxidize the foreign metals,) and allowing it to remain a few 
xniziTites longer, it must be removed from the fire with a quick, 
oircnlar motion, so as to simultaneously wash any globules of 
copper from its sides; now lightly tap it on the furnace to pre- 
cipitate them to the larger button at the bottom, and quickly 
povir it into the previously well*greased metallic mould; the cruci- 
l>le is now returned to the fire for the next stage of the assay, 
or the further oxidation of the associated metals, by the process 
caUed " Washing."* 

!E. "Washing," ob Fusion wtth Fluxbs. — ^The impure button 
from the smelted regulus is now placed in the white-hot crucible, 
fox the further riddance, by oxidation and chloridation, of the 
associated metals, by the assistance of 100 grains of white flux 
and 200 grains of Arj salt. 

The mass should be quickly heated, and after remaining perfect- 
ly fiuid for five or six minutes, be again quickly poured into the 
iron mould, for further examination by hammer, etc. 

It should, when brushed clean, be comparatively pure, or this 
'' washing" must be repeated. 

F. BsnNiNa thb " Washed " Button. — It is first cleaned and 
hammered thin; if it is then seen to be hard, tin is still associated 
therewith; if it should crack around the edges, antimony; and if 
in the least yellow, zinc. If of undoubted color, softness, and 
tenacity, it may be now weighed for percentage; but otherwise, a 
clean crucible must be properly fixed in the fire, until whiie-hoi, 
and the button placed therein. It should quickly melt to a hasy 
semi-globular shape, but immedicUely the edge loses this appear- 
ance, or becomes very distinot in otUline, and the center shows 
a dark variegated appearance, which should be carefully noticed, 
an equal (previously prepared) mixture of 50 grains of white flux 
and dry salt must be promptly added, and after five minutes the 



* In fhli opention, the Mlt rendered the maw fnfible, end formed Yurlou ohlorldes; the 
borsz eerved as • flnz; the nitre pawed off the salphnr; the tartar and ooal powder, bj 
forming carbonic oxide, reduced aU the oxidised copper to metal ; when the addition of 
white flux dlepowd of the other awodated metala by oxidation. 
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molten contents may be ponied into the iron mould: thebato 
Bhonld now stand the several tests for pure copper, and be j 
weighed for percentage. 

G. AlX THl WaSIS Sl^aS ABB SaYBD FROM THBSS SSYEEAL ?r 

8I0NB, AND Bb-8Meltb]>— In a suitably sized crucible, torSitec 
minutes, with 100 grains of tartar and 20 grains of pulvensc 
coal or charcoal; after which it is poured into the mould, w. 
impure copper again refined, and the weight of this **'2t^ 
added to that from the assay proper. 

The kinds and quantities of the fluxes given are for geoeit 
application, rather than for varying percentages; for which bobj 
would have to be increased and others diminished as oocsm 
required, so as to economize for the various ores. 

It will be almost impossible for an amateur to become xei: 
proficient in this matter, beyond the practice of vaxyii^ ^^ 
weight of the sample taken for assay, according to the peicent- 
age of the supposed metal in the oxe, which a practical eye Btf; 
closely approximate. The Cornish assayers, although workisg 
entirely upon the more simple copper ores, each day of their li^e^. 
do but approximate to rigidly accurate quantities; as too moeii 
time would be required in calculations and weighings for esKt 
chemical proportions. 

In fact, this comprehensive manner of assay, with the fluset r- 
excess, will permit more than ordinary irregularity, for the fol- 
lowing reasons: 

The roasting partially desulphurizes; the several fluxes os^ 
for producing greater fusibility are otherwise harmless, even when 
in excess; the sulphide slag is directly produced by the uacon* 
trolled strength of the sulphur's affinity for copper, etc.; tbe 
oxidizing fluxes are much restricted by the excessive qnantitj of 
those for reducing: the manipulation is therefore much moi^ 
likely to cause error than the fluxes. 

The upper part of the furnace, under the cover H, (aa ill^ 
trated at page 288,) is also adapted for this copper assay, andti^^ 
muffles, in addition to scorifying and cupelling gold and silver, 
can be used for roasting as well as the actual assaying of copp^ 
by the Oerman method. 

Beyond the deplorable fact that this Cornish mode of 9SBtpt 
is always demanded by the smelters, and that, apart frm ^ 
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IS, it BOmewhat resembles gmeltmg on the Urge soale, there 
be no other reason for &Tormg or retainiag saoh a tedious, 
3ult and expensive, imsatiBfaotory and low percentage method, 
Msaying. 

ABSATma GoppxB bt tbi Gxbmak Mitbod. — This, the favor- 
meanB used in Central Europe for the fire estimation of cop- 
, haTlng less smelting, etc., is more speedily accomplished; 
I as it can be performed in the muffle, without the slightest 
ouTenience, instead of the open fire (which requires constant 
endance), not only a much greater number of assays can be 
.de in the same time, but the work is immediately under the 
ual saperrision of the assayer; it is also more regular in re- 
Its, and the percentage of copper approaches much closer to 
8 real quantity contained in the ore. 

The general-purpose furnace, as illustrated at page 2S3, will be 
uud very convenient for this purpose, and either stone-coal, 
<ke or charcoal may be used ; the greater portion of which must 
) regularly supplied at the top, so as to keep it at about four 
.ches below the cover, H; whilst a little should be occasionally 
at through the hole, F, under the muffles, to regulate the heat 
i required. Figure 36 illustrates the crucibles which are adapt- 
i for these several assays. 

Figure 36. 



The expanded-bottom German crucible is best shaped for 
tfais iTork, as it is barrel-sided and stands more safely in the 
muffle, whilst the bottom of each crucible serves most effectually 
for covering the nest assay. The short but capacious Cornish 
crucible, when supplied with an especial cover for close aasays. 
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will be alto found eonyenient; or the Freneh genenJ-pnrpoae 
omoible, ae shown here and at the right of the soorifier, on Hie 
front of the fomaoe, at page 288, where the wooden-handled iron 
button-mould, the tongs, and the spring-clip lie. 

This Oerman process is divided into the three separate fire 
treatments of " Roasting/' ** Smelting for Impure Oopper/' and 
*< BAfinini? " 

The following fluxes and substances are required: 

Graphite or charcoal, pulyerized. 
Common glass, pulverized. 
Borax glass, pulverized. 
Common salt, dried and pulverized. 
Arsenic (metallic). 
Black flux. 

The last may be prepared by inHmaiely mixing one mef&mre of 
granulated nitre to two measures of pulverized crude tariaai^ and 
stirring them with a red-hot iron wire, in a sufficiently hoi and 
capacious crucible. This flux is formed during the smelting, by 
the Cornish mode. 

A. BoASTiNO. — As a smaller quantity (60 grains) is taken for 
the German than for the Cornish assay, just described, yoa 
should prepare your sample with still greater care, by the direc- 
tions given in Chapter I of this Section, so that it shall be per- 
fectly homogeneous. 

The same precautions being taken about metallic copper as 
fully described at page 368, for the " Cornish Assay of Copper," 
you may weigh out 60 grains of dried ore; mix it with 15 grains 
of graphite, and spread it over a scorifler or roastiDg-cup (which 
has been previously rubbed with red chalk or red -ochre, to pre- 
vent the adherence of the ore;) then place this^one, or more of 
such similarly-coated vessels, in the muffle or muffles, and care- 
fully roast for fifteen minutes, at red heat, stirring nearly the 
whole time with a small iron wire; if the ore should still smell of 
sulphur when taken out and held under the nostrils, it must be 
re-pulverized, then mixed with 15 additional grains of graphite, 
and be more thoroughly roasted until the sulphur is completely 
TAUtilized. 
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Those who would study ADd practise exaot ecoaomioal fluxing, 
will find this Batio C^culator of Figure 37 yeiy efiBcient, The 
base line should be divided into 100 (or any number of unite 
taken for the aesBj), and the perpendicular into 500 unita, for 
the greatest quantity ever required of any flux; so that when the 
swiveled hypothennse is moved down (as shown by the dotted 
lines) to the desired quantity of flnz for the whole amount of the 
aBB&y, then a vertical line from the actual concentrated quantitrf 
upon the base line tothe hypothenuee, will, when measured on 
the end scale by a compass or rule, be the number of grains re- 
quired. Instead of actual messuiemeat — especial perpendicu^ 
tor and horitontal linet may be drawn from every unit — so that 
the eye may pass up from the quantity of ore as shown on the 
base line, to the hypothennse, and 'thence horizontally to the 
exactly suitable qoantity on the vertical scale at the end. 

B. Shbltino roa Ihpurb Cofpeh, — The sample, having been 
thuB ridded of the more volatile sulphur by roasting, still con- 
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tarns the uiudtered gangoe with the copper, iron, lead, tin, zinc, 
etc., in oxidised or diloridized state. The next ensuing lemiltB 
to be obtained are, the fusion of this gangne.into a molten con- 
dition, by finely pnlverised borax glass, or oommon -window 
glass, which then unites with the oxides to form slag, wliilst the 
copper, being reduced by " black flux/' is precipitated in a me- 
tallic shower to the bottom of the crucible, to form a button of 
" impure copper." 

Take either of the crucibles alluded to, as shown by Figure 36, 
of as large a size as the muffle will freely receive, and treat the 
roasted sample in the following manner: 

Carefully transfer the whole of the 60 grains of roasted ore into 
a mortar, and, after adding and intimately mixing therewith., 60 
grains of black flux, they must be finely pulyerized, and placed 
in the bottom of the crucible. Upon this mixture put a layer of 
120 grains of black flax, then another of 25 grains of common 
glass, and still another of 15 grains of borax glass; these are 
again covered by a teaspoonf ul of common salt; then, after a half- 
inch cube of charcoal is placed on top, the cover is put on, the 
crucible carefully laid into the moderately hot muffle and very gen- 
tly heated for some ten or fifteen minutes, as the first action would 
otherwise boil over some of the contents, and cause a loss. This 
first stage being safely finished, the muffle may be heated to 
whiteness for some thirty minutes longer, then the assay must 
be removed from the fire, and after being lightly tapped to settle 
the metal to the bottom, it should be allowed to become quite cold, 
when the button may be obtained by breaking the crucible. 

This metallic button should neither be crusted with unreduced 
dark sulphides, nor the surrounding slag show red color — caused 
by copper — but be dark green and brittle. These are the simple 
but valuable signs, which should be thoroughly understood. * 

C. Eefiniko the Smelted Button. — This process is intended 
to produce the same effects as the refinage in the Cornish mode ; 
but it is done in a very different manner, with borax alone, which 
forms a slag with the other more oxidizable base metals; so that 
if at the exact Tnoment when the last one of these has just depart- 



* When the ore it rich in copper, and entirely free from lead, in addition to bonx and 
common glaw, aboat 10 grains of metallic anenic may lie advantageously used for the pro- 
duction of still more fnsible slag, and the precipitation of copper. 
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3cl^ tlie button be withdrawn from the muffle, it will yield nearly 
%ll tike copper from the sample. 

A. small piece of the side of an old crucible, having suitable 
soncavity, and sufficiently stable to retain its position, is placed 
in tlie muffle, with its outer side down, and brought to a white 
heat by being partially covered with a small lump of charcoal. 

Tlie cold button is wrapped in a small piece of strong paper, 
witli its weight of borax glass, and by the aid of tongs, or my 
self-closing tspring forceps^ (seen lying on the left side of the fur- 
nace. Figure 27, page 283,) it must be placed in the hollow of 
this white-hot crucible's side, just where it can be distinctly seen, 
wlien the door of the muffle is kept slightly open, so that a cur- 
rent of hot air may pass over the button, to oiidize the objec- 
tionable metals, without unduly lowering the temperature. 

Shortly after fluidity is obtained, the characteristic wavings of 
various colors will be seen; then it will have, for a few seconds, 
a greenish, pearl-like appearance, (but, if the muffle is insuffi- 
ciently hot, it becomes solid, as copper will only melt at a 
certain high degree); when a pure button of copper is too hot, it 
assumes a mirror-like, fixed surface, and should, in either case, 
be immediately withdrawn from the muffle, and slowly cooled 
by several instantaneous immersions in water. 

The sufficiently pure button thus extracted f^om the slag, 
will have a distinct copper-like brightness, with smooth, rounded 
sui-face, and, when hammered or rolled, very thin, it must be so 
sof t^ malleable and tough, that the periphery of the disk will 
not in the least degree expose, even when examined by a lens, 
any cracks or the slightest appearance of fractures. The weight 
of button in grains, multiplied by 10 and divided by 6 (or X6 "r^)i 
will give the percentage of copper in the ore."*" 

* Tbe wont features in this method are, thst, in ordinary mnfflea, ye/y smaU orndbles 

have to be naed, with considerable quantities of the flaxes, so that the black floz of the 

latter, from rapid action, fkvqaently efTervesces over the edge of the former, and oonse- 

qnent errors are thereby occasioned. 

For these reasons, I have fonnd it much better to use, with the same quantity of the 
fusible, tU^formbii^ fluxes (of common and borax glasses) , but half the quantity of the 
" black reducing flux;" and to vary the weight of |he sample taken; according to the percent- 
age of copper in the ore, with these constant weights of fluxes: 

For all ores at about, or under, 35 per cent., take. the full 60 grains. 
•« <i M <f 5Q •< •« only 80 " 

t< t( « •< 75 .< .. only 30 " 

The percentage of metal may then be ss jpeadlly known iby multiplying the retpective 
weights of the buttons derived firom each by 10 and dividing by 6, by 8, and by 3. 

By this percentage of metal change, 100 grains may be as effeotoblly treated for the max- 
imum quantity, etc., as the 60 grains are by the above general manner. 
Ton may also |>rqMirefte tainpte correOAy and then take only 10 grcam a* a raumd humdred. 
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8. AmkTom OonmsL bt thi Oommoh 
"Mouth Blow-pips." — ^Thiaisihemoat 
6MQ7 obtained meana for the eattma- 
tion of the peroentage of copper from 
ita orea, for thoae who have obtained, 
from long praotioe, the neoeaaaiy mar 
mpnlatiye akill to produce anfEusiently 
correct reaalta. 

It, howerer, costa about |100 in tibia 
country, to provide the neoeaaaiy took 
for the accompliahment of thia and the 
other aaaaya, by the modea of the Swe- 
diah metallargioal chemiata aa deaoribed 
by Prof esaor Plattner and Dr. Sheridan 
Muapratt, in their large work on *' The 
Qualitative and Quantitative Examina- 
tion of Minerala, Orea, Furnace Pro- 
ducta and Metals, by Blow-pipe," as 
well as other subsequent authors, who 
haye but repeated these far-fetched elab- 
orations; so that the poor amateur haa 
been completely excluded from the lit- 
tie blow-pipe-s wonderful advantages, 
from mere want of funds. To such 
(who should be studied and respected 
none the less because struggling with 
gaunt poverty) I submit the following, 
so that they may be enabled to arrive at 
results which will be frequently found 
sufficiently near for approximate prac- 
tical purposes. 

The cheap tin blow-pipe, with brass 
nozzle, suggested by Dr. BlacK, is all 
that you will be compelled to buy; or, 
if you prefer it, my "Vest-pocket Blow- 
pipe " of page 212. 

A. How TO Make a Balance fob 

Wbiohino the Sample akd Galcolatino 

ITS Pebcxntaob op Metal.— «By cutting 

a full length strip from the side of a 

^ictly;dry cedarwood cigar.box, about 
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hree-ei^hths of an inch wide, exaeily parallel from end to end, 
just the thickness of the wood. Then divide its upper side, 
A compass, as shown on Figure 38, by keeping the one leg 
B on the second mark from the right hand, (which is where 
biife-edged fulcrum is shown,) and measuring, by transverse 
i^ the respective distances of each unit of per cent, from 
down to 20; which are sufficiently high and low for the work- 
centages of both copper and lead, and as low as can be 
fitably disposed of, without concentration; then, after still 
Piprtlier deepening every tenth notch, ib is ready for having a 
l^voken pen-knife blade inserted for a fulcrum, in the manner 
AowB, as secured in position by the glueing, pasting or pinning 
dbwxi, a short piece of similar wood. 

A pan may be now cut from one piece of thin brass, by strong 
toissors^ so as to form both pan and loop, with sufficiently large 
ItoIeB through the sides to receive the small wire hook, the 
•ittaching thread being passed up through a small hole made by 
a pin for its reception, and which is prevented from returning 
by a small and well-rounded knot; or it may be made just as 
shown. 

Two iron or brass screws are to be next screwed into a board, 
at suitable distances apart, with their gaffs placed cross- wise; 
the one must be properly filed to Y- shape, so as to receive the 
knife-edged fulcrum, and the other at exact height for stopping 
downward travel of the beam; another screw is inserted opposite 
the pointed long-end of the lever, that must be now balanced by 
cutting, filing, or scraping away from the pan, which is inten- 
tionaUy made too heavy for such final adjustment. 

A weight may be now made (which should be about one grain, 
the quantity suitable for the mouth blow-pipe); this weight may 
be approximated by cutting off a piece from an ordinaiy sized 
pin, five-eighths of an inch long, marked W in the sketch, as 
exactly one grain is not required. 

To weigh out the assay, this must be placed in the groove over 
the 100 mark on the long end of the lever, (after the lever is cor- 
rectly balanced to the head of screw, by a short piece of match 
placed on either side of the fulcrum, just exactly where required 
for balancing the lever,) the pulverized and very correctly aver- 
aged ore being then placed into the scale-pan until the other end 
returns exactly opposite and points to the top of the screw. 
This simple weighing may be still more correctly performed 
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by first balancing the nominal 100 weight in the pan, ^th dnysmi- 
able rider on the other end of beam, and then to subetitiite or 
ftfter manners of " Wee Pet " and " Little Wonder." 

Thus, it will be equal to this weight, and when smelted intc 
metal, although the actual weight of the sample is unknown, iv 
percentage of metal can be ascertained, either for this or any otkr 
quantity thus taken for assay, when such button is rolled m^: 
out to correctly balance with the same full 100 weight in the pfii 

B. The carefully averaged sample may be first weighed in tb 
manner, and tranferred into either a common sewing-thimble, c: 
empty pistol-cartridge, for more convenient mixture. 

C. If the copper ore is a sulphoret, it must be roasted, m. 
in the absence of other tools, it may be very efficiently peifonaed 
as follows : 

Take a piece of thin iron, or a piece of tinned iron plate fncn 
a sardine or oyster can, from which bum off all the tin, by heatiig 
it to redness in a common or sage-brush fire; cut off a square c: 
one inch in diameter, and, by denting a suitably shaped recess ic 
a log of wood, hammer it with the rounded end of another sm&Il 
stick of wood into the shape of the large end of a pigeon's egg, 
when it will, after the extreme corners are turned down for sup- 
porting legs, serve for a roasting-cup. 

Now take a piece of charcoal — ^a small branch of one inch and 
a half in diameter and about four inches long will auf^wer best— 
and scoop out with your knife from the middle of one eod, i 
concavity to receive the cup, so loosely that the heated air (^all 
freely pass up and around it during roasting, whilst it shall l« 
also kept clear from the bottom by the four sharp angles of the 
square being bent down upon the top of the charcoal Tlu<^ 
being done, drill a small hole in the side of the charcoal (^^ii^ 
your pen-knife or a sharp piece of hard wood), about a half-ineh 
down from the top, to communicate with the bottom of this roast- 
ing-pit, and your furnace is quite ready for kindling. Next 
place the weight in the notch over the mark 50, and balance the 
lever by putting sufficient powdered charcoal in the scale-pan, and 
it will be twice the weight of assay; transfer it to the ore ic 
the cartridge, fuid niix it thoroughly by shaking it between tlx 
.finger and thumb, then place it in the roasting-cup, and theses 
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rex* the furnace. Light a miner's candle, if you have no blow- 
ipe lamp; or make a lamp, by placing a rifle cartridge into a 
>iximon broad-based triangular ink-stand, with the flange up- 
ards in the position of the cork, and drill or pierce a hole therein 
f tlixee-eighths of an inch diameter, to receive a cotton wick. 
Ills, being supplied with olive oil, is now ready for being light- 
d up for use. 

^With the piece of charcoal in the left hand, the lamp on a 
stable, and the pipe in the right hand, you may blow the whole 
•f tJie flame from the candle or lamp into the tunnel, which will, 
»y lighting the fire below and around the roasting-cup, quickly 
yiing it and its contents to a suitably low red heat, which must 
>e thus continued for some ten or fifteen minutes, excepting 
(bort stops for a few seconds for sllrring the ore with a small 
itrip of pointed wood, a needle or pin. If it shoiQd still smell 
^f sulphur, it must be again roasted with more charcoal, until 
liiiB odor ceases to be evolved. 

D. SMBiiTme VOB CBm)B Goppeb. — Transfer the whole of this 
oxidized ore from the iron dish into the thimble or cartridge, and 
after adding thereto the same weight of cai*bonate of soda as was 
taken of the mineral for assay, it must be intimately mixed, and 
carefully pidverized, without any loss. 

E. Cot off a piece, about one and a half inch square, from 
strong letter-paper, and plaster the one side with a thin coat of 
common white soap, to within the eighth of an inch of its edges; 
it must be made gufficiently wet, if not so already, for the mix- 
tvLte of the ore and carbonate of soda to stick thereto, as they are 
lodged in equal manner over the whole surface of the moistened 
soap. By placing some very small point of something, with the 
left hand, in the center of the paper, you must now fold each 
comer inward and down over the center, and then gather the 
whole into a ball, without extracting any of the mixture of ore 
and fluxes. 

F. Take the same piece of charcoal as just used for roasting 
(or a similar piece), and cut or saw off the ragged and burnt 
end; then sink a shaft in the end with your pen-knife, about 
three-quarters of an inch deep, and sufficiently large that the 
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ij bftll may faU to the bottom rather freely. Drill a tuinel, 
of abont one-quarter of an inch bore, to this shaft, just izome- 
diately oyer where the fluxed sample lies, and it is ready for 
smelting, etc. 

G. Yon mnst now be able to blow in oontinuonsly for some 
ten or fifteen minates, through the tunnel, the whole mass of 
flame, at first bat gently, until the assay has been well united 
together in a state of slag, so that no loss may be occasioned, 
and then in such a manner as to produce the greatest possible 
heat. The highest heat Ib not obtaiued by a strong, but rather 
a steady and weU-directed mild blast; so do not blow too heavily. 
The shaft may haye a few pieces of charcoal thrown in, of about 
the size of split peas, whidi will assist the novice, by sustaining 
the heat for a moment, when he may be unable to keep up con- 
tinuous blast; or the shaft may be nearly covered by a lai^er 
piece of coal, so as to increase the reducing effects of the fluxes, 
etc., on the ore. 

It will be seen that the revolution of the assay, as described 
under '^ Silver" and " Lead," is prevented by this method, which 
matters but little for copper; and it has the greater advantage of 
being an actually enclosed smelting furnace, which, by both re- 
taining B^d producing heat, as well as being in the very midst 
of the reducing element of carbon, the copper is much more 
readily smelted from the more molten mass, which can be rolled 
from side to side, or otherwise oscillated at the pleasure of the 
operator. 

It is, moreover, much the easier, for the amateur, in the ways 
of manipulation, fluxation, blowing and smelting; as this close 
fire and superior reducing flux will obtain copper from its refrac- 
toxy ores, when the open method (as fluxed by carbonate of soda 
and granulated lead, oxidized off by boracic acid) fails to do so. 
It will also smelt twice as much. 

H. "REFimsQ THE CoABSE SxsLTSD Cop^EB. — Thc uubroken 
slag that retains the copper may now be removed from the fur- 
nace, and placed just as it is in a small concavity, as previously 
cut with the point of your knife on the outside of the charcoal, 
with about its weight of borax glass, and ^sed by the blue (oxi- 
dizing) flame for some three or four minutes, to pass the other 
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more ▼olatile metals away; dming this, you should roll the but- 
bon about in the slag, so as to unite with tiie larger central button 
Any small globules, which may lie scattered through the slag. 

It can be now cast suddenly from the coal into a saucer of 
water, then taken out, and the copper button examined for puri- 
ty, as previously described for " Orucible Assay," and either re- 
treated with borax, or immediately weighed. 

The slag may be then reHSonelted, if deemed advisable, with 
additional fluxes, or examined by water treatment, as explained 
at page 186; so that such copper can be dried, and added to the 
first button. 

I. The Pjeboxntagb or Mbtal — ^May be now ascertained by 
first balancing your calculating lever's pointer to agree with the 
top of the screw's head; then placing the assay's weight in the 
pan, and moving the button to balance on one of the imits of 
percentage. You vnll see that whatever the weight for assay may 
have been, that the button vrill balance upon (he percentage with the 
same v>eighi 08 ^e sample in the pan. 

When the true balance is much above or below any unit, note 
how far it lies from the pointer, and, after removing to the 
next unit, you will know tolerably well, by the distance the 
pointer goes the other way, what intervening fraction of half, 
quarter or eighth to record. 

This calculaiing lever vnll, of course, answer for aU the o(her base 
metal assays; as wiU the shaft and tunnel mode for (heir smelting, 
when othenjoise fluxed as directed under (heir different headings. 

The balance lever may be also extended to twice the length of 
the 20 mark, so as to have a 10, which would be the one-tenth of 
the hundred; so that a weight could be then made to equal the 
tenth, and, being put in the pan, a balanced button would repre- 
sent thousandths instead of hundredths; and, again, another 
might be made to represent ten-thousandths of a grain, or any 
other pan weight, for valuation of bullion, etc. 

An even beam may be also made to weigh instead of calculate, 
by having a similar piece of wood, etc., of double the size, and, 
l:^ dividing the one or both ends into tenths, the weights may 
be made for the decimal system. 

Some years since, I was required to make a gold assay, when 
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beamless and weightless, in far remote and frozen*in winter 
qnarters, where the mother of invention, Necessity, induced me 
to make an equal-ended lever, somewhat on these principles. 
The beam was a little over twenty inches long, one and^a quarter 
inch wide, and aeven-eighths of an inch thick, and was correctly 
divided and carefully nolched at every inch of the right-hand 
end, so as to decimate the lever for obtaining either the neces- 
saiy regular weights or corresponding U-shaped riders. 

These tenths were notched, both at right-angles across, and 
down the nearer aide of the beam, and the intervening spaces were 
again severally divided and marked less distinctly across the top 
of the beam. 

The side and vertical notches were then numbered from the 
center outwards, by three rows of hundreds, tens and units, in 
the following manner: 



100. 200. 800. 400. 500. 600. 700. 800. 900. 1000. 

10. 20. 80. 40. 60. 60. 70. 80. 90. •/lOO. 

1. 2. 8. 4. 5. 6. 7. 8. 9. 10. 



•.. 



The 1000, the 100, and the 10, being over the scale-pan, the 
range from unity to the thousand is thus completed by the 
use of riders. The upper side of the wood beam was straight, 
and the ends were sharpened to a point, which, with the cen- 
tral knife-gudgeon and supports, were all similar to those of 
Figure 38. 

In the center of each end or tenth mark from the gudgeon, 
holes were pierced by a small needle, and then made conical from 
the under side, whilst the upp^ part remained of the same size, 
so that the thread might more freely oscillate. 

After the lever was thus made ready for suspension, I screwed 
a short piece of plank against the window's side-frame, at a suit- 
able height for cradling the lever in screws, similar to Figure 38, 
whilst one end of the lever passed sufficiently near the wall for 
a pointed wire to be driven therein to serve for indicator line 
in the various balancing and weighing operations. The beam 
was now greatly reduced by scraping with glass, or a sharp 
knife, from its under side, more particularly towards the ends; 
and lastly, balanced (by scraping) to the mark, by changing ends 
occasionally, and raising or lowering the wall wire, as necessary, 
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to its position of being exactly level with the knife-edged gudg- 
eon, which the corrected lever proved for itself, as it attained 
more accurate balance. 

Scale-puns were now made, by cutting from the side of a 
square oil-can, two disks of four inches in diameter; and then, 
after stamping three holes in each, they were threaded and 
l>rought to unite with one thread at the top, which was passed 
ixp through the lever, and then prevented, by a neatly rounded 
sing^le knot, from descending beyond the proper position. A 
platform being next secured to the wall, just under these pans, 
tliey were filed and scraped to balance, when the apparatus was 
ready for use. If it is not sufficiently susceptible to small weights, 
scrape or scoop out from the middle of the under side of the beam 
ojitil it becomes so. 

A ''king-post" and its double-triangle stay are important 
acquisitions to such a beam, as it is made more rigid without 
interrupting the riders, and its greater upper weight renders less 
undeir-scraping necessary for the proper adjustments of the cen- ^ 
ters of floatation and gravity. It may be made in the following 
manner: 

Saw oH a piece from a cigar-box just the width of the beam and 
three inches long, for a king post; cut the bottom end to a sharp 
edge (to suit into the central transverse groove of the main lever), 
and taper the post from the full breadth at the bottom to about 
three-eighths of an inch at the top, and then cut a neck about 
three-eighths of an inch down from the top, so as to receive and 
more securely retain a small wire or piece of strong twine or 
whip-cord. 

Now drive two strong nails into a board, about an inch and a 
half further asunder than the extreme length of your wood beam, 
and make a mark exactiy midway between them, as an after-guide 
for twisting the cord or wire. 

Take a very small iron or copper wire, (such wire as is used for 
securing the corks in the bottles containing various efferves- 
cing drinks,) or a piece of whip-cord, or strong twine, and, after 
doubling and tying it at the one end, twist it, by a short, round 
stick of the size of a pencil, or the "king-post" neck, held 
exactiy over the mid-way line, until the wire hugs it closely, or 
becomes too tight by shortening, when each of the nails may be 
withdrawn from the wood, and again driven a quarter of an inch 
26 



> 
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nearer to the center mark, and then, after being agam twisted, s 
will probably be ready for placing in erect position on the hsa. 
which may be dona by cutting or sawing a gaff at each end of tb 
beam and placing the loops of wire from the nails therein, in sijcl 
a way that it shall take good hold, without splitting or fractotirj 
the wood, when the wire is being twisted somewhat tightij.fc 
the '' king-post " is sprung into its place. 

This post may not happen to be of the exact length to suit i? 
distance of the wire; but, being placed in position, and slight:; 
wedged up by another piece below, the exact additional lengi 
will be ascertained, when another can be made to suit. If t^- 
points of the beam should be thereby thrown upwards out J 
line, you may cut the end resting-points a little lower. Wr- 
perseverance, you can make this balance sufficiently accurate ai- 
sensitive for all the practical purposes of assaying. 

To Make a Set op Weights — For such a beam is a very e^\ 
matter, when you proceed as follows : 

Borrow from the grocer's store, his one-ounce, or half-ountv 
or quarter-ounce weight, or a weighed quantity of hard heaTj 
material to equal either of these, or any other weight tL' 
you may prefer for the nature of the assay you would wish t: 
make, as that for self- calculation, as described under Heading 1 
page 272, under Gold and Silver Assays; or, in fact, any quantitj 
of anything — as a hornful of quartz, of no exact conmierci^ 
weight — and by placing this in the one pan, you may take apiecr 
of round brass or iron wire, of greater weight, and file it to bal- 
ance when placed in the other pan, so as to obtain just the weigiit 
you desire, and call it your 1000 weight, which must be now ben: 
to U-shape, and have sufficient space between its long legs that 
it may freely straddle the beam of the scales. It should be also 
flattened quite thin at the bend of the U, so that it can be mon 
correctly adjusted over the mark. 

Now lay this 1000 weight upon the beam to ride exactly oTer 
the 10(X mark, and take a much smaller wire for a second weight, 
which make of the same shape as the first, and so diminish it 
by filing, grinding or scraping, that when placed in the opposiw 
pan, it shall exactly balance the 1000 weight on the 100 mari 
Now, by laying this second weight over its mark of 100, m^ 
again filing, scraping, or cutting another much smaller piece c-t 
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'ire, cord, or thread, to balance in similar manner, you will 
Lave a 10 weight. 

Tbus, you have decimalized the large quantity called 1000, and 
>rovid.ed yourself with means to weigh any and all quantities, by 
hese three weights, from the thousand down to its ten-thou- 
landtlis part, which I will endeavor to make more intelligible by 
explanation of the principle of its action, with examples. 

Tlie 1000 weight is always used in one pan to weigh the assay 
in tlie other, which, being fluxed, smelted and cupelled, for gold 
or silYcr, the clean button is then placed in the left-hand pan, 
and i^eighed by the use of movable riders, instead of the usual 
fixed positioned pan-weights, as follows: 

Now we will first suppose it to be a base metal assay, for per 
thousandths or percentage, and proceed as follows: The button 
is placed in the left-hand scale pan, and the 1000 rider on the 
otlier end of the lever, on the side-jn&Tk, where you think it will 
balance (say 600); but it is not so heavy, and this rider is tried 
on the 500, where tha button is still too light to balance there- 
with, and the rider is again moved to the 400; the button is now 
found to be heavier than this, as it always should be for this mode, 
when this 1000 is allowed to remain exactly on the 400 mark; 
the 100 rider-weight is next tried from end inwards, in sim- 
ilar manner, until it also lies exactly over a line, when the button 
is heavier than the riders (as say at 70 in its own, the second 
line); now the third, or 10, must be moved inwards, until it does 
exactly balance — differing from the other weights, which must keep 
over the lines — for this weight has the sole privilege of settling 
the smaU and final balance, by traversing the whole length of the 
beam; which, in this instance, shall be over the second mark 
outside of the 1, in its own third line. 

The per thousandths of such a button will therefore be 471.2, 
and the percentage 47.12; and the value of the bullion or ore 
may be obtained by multiplying each and every unit of this 
thousand by 37.7 for silver, or by 602.73 for gold. 

As another example, a gold assay made from this 1000 weight 
may balance its button when the weight 10 is on the first top- 
notch from the center of the beam, on the one-hundredth of the 
half-beam's length, which would be the tenth of the unit of one- 
thousandth, or a decimal .1, which, being multiplied by the gold 
multiplier of 602.73, would be equal to $60.27, a quantity still 
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too high for the gold assay of low-grade rock; so that, foi sad 
a purpose, a fourth weight, marked 1, would have to be nsal 
and, when put in the position the 10 weight just oocupied. a 
would represent the one-hundredth of the unit of one ihousanl c: 
the decimal .01, which, being multiplied by 602.73, will equ 
$6.02 per ton of 2000 pounds. (See Headings 3 and 4 of 0% tr 
Vll, for general principles for calculation of gold and silTei }4: 
ton, at pages 270 and 272.) 

It will be seen, from the above remarks, that the thirix 
weight 10, should be used as the smallest weight for silyer ^- 
says, whilst the fourth is necessary for gold; and whichever id; 
be used, the smallest of the three or four weights will have tl; 
solitary privilege of ranging the whole length of the beam,'' 
the smallest ^naZ decimation of the weight of the button. 

You may take the 100 weight for the silver assay, as your I 
or half-ton, and simply decimate in the lower series, or mak^ 
self -calculating one of suitable size for scorification. 

In general weighings of ordinary milling and smelting ores . 
is plain that one or more of these weights will record the irt\/ 
or, if the self-calculating mode is used, its value in dollars p- 
ton, etc., (as fully described at page 272, under Heading 4). 

Having made these weights, the self- calculating *^ assay tc: 
weights may be even more promptly made by putting the ntit:- 
in proper position upon the beam for any one of such quantiti:?. 
and balancing either by the ore itself, or with an especially mi^ 
weight placed in the opposing pan. 

If carefully made, this beam and such weights are sufficienuj 
exact for all practical working purposes. 

The one alluded to weighed as close to the truth as most ex- 
pensive balances will do, and I was somewhat suprised to findth^ 
the buttons, when checked some months after, by a finely finish^ 
balance, were found sufficiently near for even commercial pn* 
poses. A full and actually correct set of weights may be msit 
for this or any other beam, if preferred, as all you have to do la 
to make them in a more direct manner as follows: Garefulj 
balance the lever, and then with the first small weight in th: 
one pan, weigh an eqiuU quantity of a suitable substance in tL- 
other, when the sum of both will serve for making weight - 
again, this 2 and 1 will jnake the weight 3; and the 3 with the . 
and 1, will make a 6; and so on for the rest of the larger » 
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ar series, being mindful to always keep to the one pan in 

n^ the weights and in weighing the sample and button, so 

Brrors may not arise from unequal lengths of the ends of 

ever. 

eig^lits may be thus corrected to agree with each other, by 

uencing with the smallest, and carefully rang;ing upwards by 

agfgregations. 
T tlie way, few sets of weights purchased at high prices will 

tliis test, when rigidly made on a delicate balance. 
> lessen their weight in a safe manner, you must have perse- 
Qce; and the best way that I have found is that of patiently 
ding them, on a perfectly dry, slowly fretting stone, and 
Glaring the loss, by counting the number or length, of equally 
Bed rubs thereon. There is little difficulty in making very 
' progress; but, to become more rapid, and at the same time 
ciently exact, is quite a business in itself. 
1 cases where you cannot borrow or obtain a starting weight, 
may cut off a piece of an ordinary domestic pin, as five-eighths 
I will be about a Troy grain. 

AssATiNa OF Copper bt MAomNE.— If the sample is a sul- 
ret, it must be first well roasted in a small crucible, either 
^ed transYcrsely in the cupola furnace, (as shown at page 326, 
lire 32,) or yertically within the furnace^ and fixed with small 
(es of charcoal jammed under and around the crucible, the 
iting fire being then kindled and regulated by the flames from 
four lamps, as blown before the blow-pipes. 

.. Balance the main lever to the line on the cross-lever, by 
ght A; then, after carefully removing A, place weight Bin one 
. of the scale-scoop, and sufficient of the intimately mixed and 
verized ore, in the other end, to bring the main beam to bal- 
e against the line on the cross-lever, when you may transfer 
I ore to the crucible, for being roasted at a red heat with twice 
weight of charcoal powder, during continual stirring for ten 
Sfteen minutes, until no sulphurous smell is evolved; being 
ef ul to so regulate the heat that the sample shall not aggluti- 
e. 

1 1. Prepare charcoal, flux and paper, as described under 
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D, E and F, at page 381, for common blow-pipe, but of twice tbe 
length and diameter; and, after taking off the rings in the front 
of the machine, hold the charcoal in the left hand, and proceed 
with the smelting of the assay as there directed. 

B 2. Take a piece of strong letter-paper, two inches square, 
which moisten with water, and plaster it over with soap to aboat 
one-fourth the weight of sample; next sprinkle the ore over this 
wet soap, and after adding the same weight of carbonate of soda 
as the ore, roll all together into a roundish ball. 

0. Smelt this fluxed ball of ore for ten minutes, on one of the 
charcoal or composition supports, closely covered down by ano- 
ther piece of suspended charcoal, (as shown by the spring-fingers 
of Figure 21, page 172,) taking great care that all the yellow 
flames shall concentrate upon and steadily cover the sample, with 
their full reducing influence during the whole time. Care should 
be taken to avoid any excess of blast, by blowing more gently 
under a lower pressure of water in the column. 

D. Remove this thoroughly fused mass from the coal, and 
carefully pulverize it in the mortar, without losing any of the 
metal or slag. 

E. Plaster another similar paper with soap, and sprinkle thifl 
powdered slag and the flattened disks of metallic copper thereon; 
substituting for carbonate of soda half the quantity of borax; theni 
fold and smelt as before for eight minutes, after the mass becomes 
molten. 

F. Pulverize the assay carefully by a few blows with a ham^ 
mer, between cloth or paper, and balance the one or more buttons 
for per thousandths, on the calculating lever, using one of the 
weights marked X 4, or X 3; and, for percentage, by taking of! 
or decimating one figure from the right-hand side of such thou- 
sandths. 

If the copper is not sufficiently fine, re-smelt with its weight ol 
borax for some four minutes. 

Minute quantities of copper may be collected from slag much 
Asier after pulverization, by concentration in water, as described 
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J page 186. This should be always resorted to as the best 
leans for ascertaining if more metal may be lying concealed in 
le slag. 

5. ASSATIMG OF COPPEB BT WaTEB CoNOElTrBATIOK, FBOM THB 
f ATUBAIi CONSTTrUTIONAL BaTIO, OB MsTALtlO PEBOElTrAaE OF THE 

*ABTioui«AB Kind of Dbied Bbsidue. — Most of the large and last- 
Dg copper mines produce somewhat of a general average of dis- 
inctiTe kinds or constitutions of ores, which by having certain 
squivalent percentages, can be very closely calculated for metal 
Tom the proportions their dried residues bear to the total weight 
:>f the whole samples taken; or by comparing, with table of notes 
made, the one time with another, against corresponding fire 
assays; as previously alluded to under the water assays of lead 
and antimony, from the same mine. 

A. Yellow Sulphubet of Coppeb — Can be most readily assayed 
in this way, when concentrated with water, as described in Ghaip- 
ter HI, page 163, etc., and dried as directed at page 364. 

The weight of metallic copper is then ascertained by multiply- 
ing this weight of ore by the decimals .346 for actual quantity, 
or dividing by 3 for the crucible result. 

B. Treat as by " A '' for weight of sulphuret, and multiply by 
your own tabular number, as found by records from previous 
cracible or humid assays, made for commercial purposes. 

0. The Bell Metal Yellow and Gbat Sulphubets of Coppeb — 
May be treated by water, dried and weighed for percentage of 
such; but, as they are more subject to variations by accidental 
ingredients, as well as difference of constitution, the multiplier 
for the local kind of ore found in each mine, vein, or parts of 
the veins, should be always used for practical working purposes, 
as previously ascertained by crucible or humid assays. 

D. The Gbebn Cabbonate of Coppeb — May be very carefully 
concentrated by water, then dried, and multiplied by .72 for per- 
centage of oxide of copper, and by .575 for metal. 

E. The Blue Cabbokatb of Coppeb — May be treated as under 
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** D" and multiplied bj .69 for oxide of copper, or by .651 for 
metal. 

F. Thb Bid Oxms of Coppva — Tdxy be computed for metallic 
copper bj multiplying its weight by .888. 

G. Ths Black Ozidb of Gofpkb — ^Is somewhat raze, and being 
formed in irregtdar nesta in the shallow sections of yeins, from 
decomposition of other ores, can be seldom yalned by this means. 

The last two ores of copper — ^the red and black oxides — ^will 
not stand mnch water-washing; and the results cannot be relied 
on, even when compared with tabulated crucible assays.^ 

The easiest and best means for obtaining your multiplier for 
such assays is by also making water assays of samples when 
assaying by cradble, so as to obtain corresponding decimal mul- 
tipliers as governed by the weight of the button of copper; thus, 
if an assay from 100 grains of carbonate ore by crucible realized 
65.1 of metal, you will, by dividing the 56.1 by 100, obtain .651 
for the multiplier; and this rule will apply for all quaniitUs in 
the same manner; for if 100, or any other number of grains, is ta- 
ken for the assay, and, after concentration, it is reduced to say 
16 grains of pure mineral, and that this, or another similar qum- 
tUy and quality, is also taken, so as to be assayed by crucible, 
which may be supposed to yield 12 grains of pure copper; now 
12, divided by 16, will, of course, provide the multiplier for this 
constitutional quality of mineral. Thus 12, divided by 16, will 
be equal to .8, and the concentrated weight of 16, of the mineral, 
multiplied by .8, will equal 12, of metal, and serve for future 
practical approximations. 

6. Thb HuMm Assay of Coppbb. — It is sometimes more con- 
venient, and always more economical, to assay copper by acid 

■iW*— i^i^.^^-^^^^—^— ^^^.^^l^^^M^^^M^— ^^M^^^—^^^^^^PM ^ ■■■■■II ^^^W^^^^— ^M^M^^i^M^^^M^^i^.— — ^M^^.^^^^ ■ ■» ■ ■■ ^— ^^— 

* For nuk dry icunjpUt, and eren/or aU othen, the f ollowtng meuiB may be resoiied to for 
olomlj approximatiiig to the quantity of metal that can be obtained from an unmitBed or n^- 
nlar ore, when inyariably sifted throaRh a sieve of similar fineness: 

Hake notes of the percentage of metal realized from your partieiaar ora, as assayed t^ 
eraeible» from time to time, which tabulate in one column; whilst, at the same time, you 
weigh a measured quantity, and table this corresponding weight in an adjoining column, 
where the one may be then known from the other, on future occasions. 

A common deep yeast-powder box is well suited for this purpose, which may be first bal- 
anced, and the quantity then measured and struck ofT by a straight-edge; the weight being 
for future comparatiye reference. 
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process than b; ctnoible; and as it alao happens to be within th« 
the reach of the oaiefal amatear, (although he may know but 
little of ohemiatiy,) I have endeavored, b; first oxidizing the 
salphurona ores hj the comprehenaive chemical action of fire, 
and then adopting that most simple and effective means known 
as the " Swedish method," to make it not onlj' most efficient for 
the various constitutionB of ores, but very serviceable for all pur- 
poses, and within the ready meane of every person , by extempo- 
rization of the following appaiatua for its accomplishment. 

A. Weigh a carefuUy av- Figure 39. 
eraged sample of say fifty 

Strains of the finely pulver- 
ized and intimately mixed 
dried ore, which roast as 
under the Qerman assay, if 
neoeaHary, and then place it 
in a thin porcelain dish, like 
that aeen over the naphtha 
lamp, (Figure 89,) or in a 
saucer or cup; now just cov- 
er this with hydro-chloric 
(muriatic) acid, and then 
place it over the chimney of 
the lamp on the central loop 
of the wire as twisted around 
and over its glass chimney, 
and corefnlly evaporate, al- 
mo«t to dryneaa, during con- 
tinual stirring. 

B. From twenty to thirty 
drops of strong sulphuric 
acid most be now added, 
when it should be again boil- 
ed until strong fnmea of this acid begin to arise, \(hen the 
vessel must be supplied with water to about six times the volume 
of the sample, and kept in a moderately warm position for about 
an hour, until all the anlphato of copper has leea dissolved into 
the solution. 
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C. Filter this into a basin, through the regular filtering sheet 
and funnel (as shown by Figure 39), or through blotting paper 
and a bottle, made as a substitute for a funnel, in the maimer 
described at page 327, (not forgetting the sand, whicli preyente 
a hole being knocked through when the piece of g^lass fails 
before the blow from the hammer,) and finally wash the fifte 
through with clean water until it ceases to have an acid taste.* 

D. Place a piece of clean zinc into this basin, which will be 
preferred by the acid and dissolved, whilst the thus released oop- | 
per will be simultaneously precipitated from the solution, xm& 
the latter entirely loses its greenish-blue color; or this may U 
known by dipping a clean and bright iron nail therein; for,ii 
the slightest trace remain, the iron will become coated with me- 
tallic copper. 

£. The undissolved zinc must be now taken out, and all d 
the adhering copper washed back into the liquor. 

F. The solution should be immediately poured away, &e 
copper be well washed with clean water, and slowly dried orer 
the sauce-pan, (as shown by Figure 35, at page 364,) or, mtb 
greater speed and risk, over the lamp (Figure 39), by judgment 
of heat, as regulated by touch and side-screw. 

G. Multiply the weight in grains of this perfectly dry ooppo 
(as thus obtained from 50) by 2, for its percentage of copper. 

H. This may be snugly folded into a paper ball and smelted 
in a white-hot crucible, with its weight of borax, for about ten 
minutes, if a perfectly pure button of copper is desired. 



* Filters may be folded in three ways, to suit the funnel. 

1. Fold the circular filter across its diameter to a half -circle, and then refold to tq«l^ 
ter circle; take three thicknesses of the paper between the finger and thumb of the rigW 
hand, and one thickness in the left; open out to shape, drop into the funnel, wet with vato: 
and it is ready for use. 

2. Fold into half and quarter, as before; then again to the eighth of the circle; lal. 
when opened out to shape, with the three thicknesses of paper opposite each other, it tuf 
be dropped into the funnel, and wetted as before. 

3. By rule of thumb. Lay the unformed filter over the fannel; press the center tem 
with the flat part of the left thumb, and then flatten the corrugated sides, with the flnfai 
of the right hand, to suit the funnel. Water as before, and it is ready for use. 
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1. Twenty grains may be thus treated in the wet way, and the 
copper smelted into a button with borax, before the machine, 
^^liere a furnace is not obtainable. 

This method, thus finished by either means, is more easily and 
satisfactorily accomplished than by fire alone. 

The residue of ore, lying above the filter, should be examined* 
for better proof that the acids have completely extracted all the 
copper from the quartz or other gangue. 

TiOKSTiNa FOB CoppEB. — The smelters and buyers demand thai aU 
copper ores shall be crushed to the size of coffee berries, and then 
mixed into round piles for sampling and assaying by their regular 
agents. 

The assays are made by units and eighths per cent,, which result of 
percentage is called the ** Produjce" 

Thepriceis governed by the nominal ** Standard" of the day, 
and (his is continually varying, to meet the requirements of the 
market. 

The water^weight being first ascertained by drying at 212°, the 
value may be readily found by multiplying this " Standard " of the 
day by your " Produce^* or percentage of metal, and dividing by 
100. This, less the returning charges of say £2,, 10s, Od, unll be the 
price per English ton. 

The Cornish copper ores are sampled ai the mines on regular days, 

then assayed and, a few days after, sold at advertised meetings of the 

buyers* agents at certain hotels in the towns of each district, where 

folded paper tickets are hand delivered by the different agents, when 

bidding for the several lots. 

Hence these and all similar meetings are called " Ticketings," 

The copper-smelling establishments are in Wales, and they are 
supplied urUh ores by ships from all parts of the world. 
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CHAPTER XII. 



ASBATINa OF TIN. 

1. By Watib and Aoid. — ^Tin is invariablj obtained from ils 
oxide, which has the several remarkable properties of great hard- 
nesB and high specific gravity; peculiar compactness and oohesioc 
of its disintegrated fragments; offering remarkable resistaDee 
both to pestle and to currents of water; never found chemicalh 
combined in constitutional mixtures with other minerals; itl^ 
unaffected by a red heat; and is completely insoluble both in adds 
and ammonia. 

There is one refractory interloping mineral occasionaUy fouod 
mechanically associated with tin, which sometimes deceivea the 
tin miner who reUes impUdtly on concentration by water, sulv 
sequent roasting, bruising, and ridding it from all gangae b 
re-washing away with water the impalpable oxide of iron, ete.. 
thus produced; it is wolfram, (or the tungstate of iron,) thit 
by its superior weight, and resistance both to^r^ and pestie, still 
keeps company with tin-stone, which it so closely resembles io 
many other general characteristics; but it fortunately happens 
that this wolfram is partidlly 9ohMe in adds; leaving its residue 
of tungstic acid, that also unites in solution with ammonia. 

A. Keeping the above facts in continual remembrance, con- 
centrate 100 grains in the manner fully described at page 164, i£ 
Chapter JU, on the " Qualitative Discrimination of Minerals by 
Water Concentrations." 

Boast this concentrated sample, at a red heat, for a haU-hour 
with occasional stirring; then pulverize to a fine state of divisioL 
and wash away the ordinary oxidized iron with further conoo- 
tration by water, until nothing but the oxide of tin, which tho^ 
oughly resists this wash, remains. 

If wolfram is absent, it may be dried and weighed for value. 
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B. If wolfram is present, (and strange ores must be always 
tested,) the roasted sample should be transferred to a suitable 
porcelain vessel, and about twice its volume of '' aqua regia " 
added thereto, (which is a mixture of say three parts of hydro- 
chloric — muriatic — acid with one part of nitric acid,) and boiled 
for a half-hour over the wired lamp (as shown by Figure 39, page 
393). After it becomes cold, it must be well washed with water, 
until the escaping water ceases to afford any acid taste. 

All have now passed away in water and acid solutions, save 
the oxide of tin and the still insoluble residue of tungstic acid, 
which resulted from the decomposition of the tungstate of iron, 
and this must be now removed by addition of a little ammonia, 
aided by slight warmth and occasional stirring, for about an 
hour, when it may be again washed and concentrated by water, 
to remove all adhesion of foreign matter. 

It is always advisable to take advantage of the roasting and the 
svibsequent insolubility of the oxide of tin in these solvents, whether 
this ** wolfram" is present or not, for they also serve to remove the 
last adhering traces of other impurities. 

This water assay, when intelligently performed, is absolutely 
correct. 

The heavy, insoluble, water-resisting residue of oxide of tin, 
being thus washed perfectly clean from the solvent, silica, etc., 
may be dried as directed at page 364 (Figure 35); or over a suit- 
ably wired lamp (similar to Figure 39, page 393), and weighed. 
The weight in grains will be the percentage of this oxide, which 
is commercially known as " black tin;" and this, being multiplied 
by the decimals .7838, will give the actual percentage of metal, 
or " white tin." 

If the sample is first roasted, and the assay is thus completed by 
water-washing, adds and ammonia, no better or safer means can be 
u^edfor the estimaiion of tin ore. 

If you desire to have an actual metallic button, this concen- 
trated oxide may be reduced by smelting with fluxes, by either 
of the following methods of crucible, machine, or common 
* blow-pipe. 

2. AssAYiNa OF Tin bt CRuasLE. — In assaying tin by any of 
the [fire methods, it must be also remembered that silica (or 
quartz) interferes so very much with the effectual performance of 



398 THE EXPLORERS, MINERS AND 

the assay, by strong affinity, that accuracy cannot be e^en ap> 
proached, when they are both present; so that it is not onlybefer . 
ter to first concentrate a large quantity by water and add, l>iit \ 
it is an absolute necessity to do so, when anything like tiol2i i 
is desirable. To more fully impress this on the reader's nnnd, ^ 
I may state that if an assay be made from a sample o! 100 
grains of ore, composed of 80 grains of tin oxide and but d' 
grains of quartz, under the superior reducing powers of black Hitl. 
in consequence of this quantity of quartz being present, mh 
eighty per cent, of (he quantity of metallic tin wiU he realized; and, if 
the sample contained 20 grains of tin and 80 grains of quartz. 
no button of metallic tin would be obtained. 

The most consistent way is therefore to first^remove aU these dei^ 
terious portions from the sample, as described under Heading B, <r 
page 397, and then to obtain the buMon by one of the following mode^ 
for fluxed smelting, the best being those first named. 

A. Intimately mix this concentrated pure oxide of tin with its 
weight of an equal mixture of cyanide of potassium and carbonate 
of soda, (say 14 grains of oxide of tin, 7 grains of cyanide and 
7 grains of the carbonate;) transfer them in a scoop to a red-hor 
crucible, raise the heat to whiteness as quickly as possible, and 
after the mass has become perfectly fluid, which it will be is 
about ten minutes, it must be removed; the button may be 
extracted as soon as it is cold, by breaking the crucible; and the& 
cleaned from slag and weighed. 

B. First concentrate to the pure oxide of tin, as under Head- 
ing B, page 397, and place this dried residue, without any fini, 
in a plumbago crucible (or a clay crucible, lined with powdered 
graphite, or charcoal, will answer the same purpose), and closely 
shut down the cover (or the broken bottom of another crucible) 
with tenacious fire-clay, in an air-tight manner. The crudUe 
being carefully removed to the fire, is gradually heated to redness, 
and the temperature raised to whiteness as quickly as possible, 
when it may again be carefully removed from the fire, without 
starting the luted lid. 

When quite cold, the button of tin may be removed as before, 
unless the metal is scattered into several globules, when thej 
should be collected in the manner described at page 364, by pol' 
verization, water treatment, drying, etc. 
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G. Take the pure oxide, after treatment by roasting, water, 
acid, and ammonia concentration as under Heading B, page 
397 ; and then add to this sample three-fourths of its weight of 
carbonate of soda, one-fourth its weight of cream of tartar, 
(^v^bich is also called argol or tartar,) and about one-tenth of its 
'weight of lime. Select a crucible that will hold about thrice this 
q[uantit7, and, after these are intimately mixed, they must be 
placed therein and covered first by a thin layer of carbonate of 
scMia, and lastly by a teaspoonful of borax glass, or common 
window glass. Transfer the crucible to the fire, and warm it 
very slowly to a low red heat, then after keeping it at this degree 
for some fifteen minutes, it should be increased to bright red; 
w^hen, just as soon as the sample is in a proper molten condition, 
it may be withdrawn and simultaneously swayed by a quick cir- 
cular motion, so as to wash the many globules from the side of 
the vessel, and then precipitate them to the bottom by a gentle 
downward tap of the crucible upon the hearth, into the one 
button; which, when cold, may be extracted, by breaking the 
crucible, etc. 

D. The ordinary Cornish mode, for similar reasons to thai of 
the copper assay, is conducted somewhat as follows: Two ounces 
of the water-concentrated ore, after being mixed with a half-ounce 
of '' culm," (a kind of anthracite coal,) is transferred to a red- 
hot crucible, which is increased to white heat, and, when the 
contents fuse stubbornly, a little fluor spar is sometimes added 
thereto. In about twenty minutes, the crucible is withdrawn, 
and its contents then poured into a small iron mould. When 
cold, the whole mass is pulverized in a mortar, and after the 
metal has been concentrated by water on a concaved shovel, it is 
gently dried over the fire, and weighed. 

E. The slags from smelting furnaces, which contain a small 
percentage of tin, associated with silica and tungstic acid, can- 
not be actually assayed by fire; but they may be smelted with 
•iron, which has a still stronger affinity for silica, and consequently, 

the tin being thus displaced from the slag, is then reduced to a 
metallic alloy with some of the iron, which can be then more 
easily analyzed by the humid method, as described under the 
fifth heading. 
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3. AssATiNa or Tin by the ** Web Pet " Machine.— "^ 
for bullion and lead toay by weight B; concentrate as 
Heading B, page 397, recommended for crucible assay, 
then treat with cyanide of potassium and carbonate of 8od&. 
for the assay of both lead and antimony, under sub-headine 
at page 362. 

4. Assaying of Tin by Common Blow-pipe. — ^The oxide c: 
cannot be treated with any great degree of accuracy before 
blow-pipe; but the following methods are perhaps more exa> ' 
than any others, and are at least substantial collateral proofs 
the residue produced by the system of humid solution and c 
centration, fully explained at page 397, is really tin. 

A. Take one grain of the supposed pure oxide of tin, : 
treat it in the covered shaft-furnace, as heated through the K 
tunnel, in the same manner as the copper assay described 
page 381, under Headings F and G, but with these different:^ 
that one grain of cyanide of potassium must be added to the fluii 
there named, and that it is directly smelted in the one operati ^ 
which should be completed in from eight to ten minutea I 

B. Take one grain of the pure oxide, which treat in exactly tl^ 
same manner as directed under the third heading, or sub-he^> 
ing B, page 363, for assay of both lead and antimony, when :- 
alloyed condition. 

C. Treat in the manner described at the foot of page 2! 
under *'Tin Assay." 

5. The HuMm Assay or Tin and Ibon Alloys, as Pbbpabeb 
Fluxed Fusion in Crucible, undeb Sub-headin& E, at Page 3. 
THE Buttons being Espeoully Obtained fob this Pobfose fej 

THE SiLIOIOUS and TuNGSTIO SlAGS OF SmELTING FuBNACES. ^As SOL' 

miners may, in far remote regions, have to smelt their tin ort? 
into metals, it is imperatiyely necessaiy that they should have 
means for estimation of the amount of tin that remains unreduced 
in their slags. Although the crucible greatly facilitates the Li 
mid assay in this instance, by causing iron to replace the tin i: 
the slag, and forming a simple alloy of metallic iron and tir 
it will not thoroughly accomplish the assay; therefore, as this bu:- 
ton of alloy must be treated by some humid process, I sugges: 
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Aae following as being ihoronghly reliable, and jet oomparatiTely 
»^^ to acoomplifib, in such fixed egtabliBhmenta. 

This button of alloy, as obtained from the slag by fusion, 
pxocesB E, page 399, must be brushed thoroughly clean, then 
Ussolved in a boiling mixture of strong hydro-chlorio (muriatic) 
^cid, three parte to one part of water, and filtered into an open- 
Odouthed yessel, as a glaas tumbler or basin.* 

The tin must be precipitated in the following manner, by sul- 
phide of hydrogen gas, which may be made expressly for the 
porpose, in the apparatus illustrated by Figure 40. 

Thia TJew explains itself, as to general arrangement of parts. 
The tubes may either be made of glass, or glass and india-rubber 
combined, or of quarter-inch rubber tubes alone. It may be 
also ordered aa " sulphide of hydrogen apparatus," and au|iphed 
in proper condition for immediate use. 
Fi^rure 40. 



The bottle. A, being placed on a suitable board, is supplied 
with about an ounce of sulphuret of iron and the small botUebolf 

• Bifwe On Miutiim ii HUered, It miy be te>t«d for coppar, br ■ ple« at bright mMaUio 
IroD, which ■honid mlio pnclpaatt lU at Ihia mctil ttoia the ■ulntlon, wheo the fron »f 
• tkt oUfy n* InnffleKDt far Uli effu*. 



402 THE SXPL0REB8\ MINERS* AND 



fiUed with water; then, after the corks are drilled and iabed as 
ahown, they are moistened and inserted, in an air-tig^ht manner, 
into the necks of the bottles, with the last bent tabe discharging 
near the bottom of a glass tombler containing the solution, 
jnst as shown. The bed-plate or tray that sustains the yesseb is 
now moved out-doors, or to a chimney, (as this gas is Tery disa- 
greeable and poisonous,) and the bottle. A, is first supplied, bj 
way of the long funnel tube, with sufficient water to cover the 
sulphide of iron, and then with concentrated sulphuric add; 
the sulphide of hydrogen gas thus formed, being prevented, bj 
the liquid which rises in the tube, from direct escape, is first 
passed into the small bottle, through its water, and cleansed 
from any mechanical substance before entering the solution, 
where it precipitates the tin to a yellowish-brown sulphide, 
which darkens on exposure to the air. The gas should be passed 
through until the solution very strongly stinks thereof when 
moved from the supply pipe. 

It may then be carefully poured off from the precipitated sul- 
phide of tin, and, after the latter has been well washed by water, 
it should be very gentiy roasted in a smooth French crucible, at 
low red heat, until all sulphurous odor ceases; then the cold con- 
tents may be either re-heated with a littie carbonate of ammonia, 
and, when cold, weighed as oxide and then multiplied by the 
decimals .7838 for metallic tin, or it can be actually reduced to 
metallic tin, by fusion with carbonate of soda and cyanide of 
potassium, under either of the most convenient fire methods. 

Tin is amimerciaUy known by Us two names of " white tin " for 
metal) and " black Hn " (or its oxide). 

Tin is smdted in the several districts of Cornwall, where il is 
extensively mined, and for which the miner has two markets. 

The large smelters require the ore, when finely cmshed and en- 
tirely freed from all other gangue, to be delivered ai their works as 
pure " black tin," when they honorably givejusL what they think the 
fair price under that day's quotation of the price of *' white tin^" 

The smaller buyers go to young mines and purchase the tin stone 
by ** ticket," then after crushing it in their private battery, they con- 
centrate it to purity and sell this as "black tin " to the large smelling 
hlishments. 
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Tbe American people entertain much higher notions about the 
values of tin mines, than they should; for the best vein in Com- 
wall could not be made profitable here, because this ore requires 
very much of the especially educated cheap labor of that region 
before it can be rendered marketable. 

Tills is almost entirely performed by small girls and boys, at 
wag^es ranging from twopence to sixpence per day. The boys 
tlien go to work ** underground," and the girls continue improv- 
ing^ until they get, when thoroughly skilled, only one shilling (or 
alx>ut a quarter dollar) per day. 

The general average from these tin mines is invariably low, 
BO that very large quantities have to be pulverized, to a size even 
smaller than that for the extraction of gold from auriferous 
quartz, by large and heavy batteries driveii by water or steam 
power. 

The wet pulp is then first received into flumes for partial con- 
centration, and then passed through many ingeniously contrived 
and much more perfect concentrators, by the cheap skilled labor 
alluded to above, and processes as more fully described in the 
Second Volume on Mining and Metallurgy. 

Notwithstanding all these advantages, there is only one tin 
mine in that country yielding profits at this present time. 

If, however, this ore should be found in very large quantity^ 
of unusually high percentage, in a concentrated alluvial deposit 
near a shipping point, it might be then profitably forwarded, in 
the stone, for final Cornish treatment and sale. 
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CHAPTER XIII. 



A88ATIHO OF MBBOUBT. 

There are many ways by which mercury can be assayed, both 
by fire and humid methods; and three of such modes may be 
more particularly commended to prospectors and miners, for 
practical purposes. 

1. Assaying Meboubt by Gbuoible ob Soobifieb. — Nearly all 
the mercury of commerce is derived from cinnabar, and it is gen- 
eraUy found tolerably free from other volatile substances; so that 
it may be estimated sufficiently near for practical purposes, by 
first thoroughly drying at 212^ and roasting say 100 grains of 
unfluxed ore in a suitable vessel, (as a scorifier, roasting-cup, 
platinum^or smooth French clay crucible,) at a red heat, for about 
ten minutes, when the difference of the weights of the vessel, 
before and after roasting — as both sulphur and mercury are thus 
volatilized — ^will equal the weight of the cinnabar. 

This loss of weight, multiplied by the decimals .8621, vnll give 
the theoretical quantity of metallic mercury; and, by obtaining 
your working multiplier, the quantity that can be obtained in 
practice. 

2. AssAYiKO Mbboitby by Eetobtino the Fluxed Sample. — Mer- 
cury, and all of its constitutional combinations, can be assayed, 
by being heated to redness with the following fluxes, in a closely 
covered and very small iron retort, similar to those used by amal- 
gamators, when working with miniature test pans. 

A. To every 100 parts (in weight) of the sample of ore, add 
Hie quantity staied oi one of the following substances: iron or 
copper filings, 30 parts; or of black flux, 60 parts; or an equal 
"xixture of powdered charcoal and lime, 70 parts; these must 
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fiz-st be veiy inidmately mixed together, and then covered with 
&X1 additional layer of similar flux. 

Oraduallj heat up to low red, then to red, for some ten min- 
ixijes, until mercury ceases to come through the discharge pipe of 
Uxe retort; and, after lightly tapping this pipe to cause the many 
loitering globules of adhering mercury to pass out and down into 
tine condensing water-trough, you may weigh this mercury for 
percentage. 

B. Take 100 grains of ore, then flux and mix as above, and 
place the mixture into a thin florence flask, (as a salad-oil flask,) 
and warm the bulb to red heat over a charcoal fire for twenty 
minutes, with its long neck almost horizontal, and kept quite cold 
"by a wet rag, so that all the mercury may deposit in the neck. 
Itemove the rag, and, when the bottle is cold, file the neck all 
round, just below the mercury, and break it off from the bulb; 
now slowly dry it at about 180^ of heat; and after weighing the 
mercury and glass, then drive away the former by heat, and re- 
weigh the glass; the difference will be the weight and percentage 
of mercury. 

C. Treat 10 grains of ore in a long test tube, in manner as 
under the last sub-heading, B, then break, dry, weigh and volatil- 
ize, when each tenth grain passed off by this sublimation will be 
the unit of percentage. 

3. AssAYiNO Mbtallio Mebouby by WATER-WAsmNO. — First 
carefully wash 100 grains of the sample in a cupful of clean wa- 
ter, and pour the water away; then repeat this washing twice or 
thrice, half fill with water, dissolve about ten grains of cyanide 
of potassium therein, when, after washing the sample with a 
circular sway in this liquor, it may be warmed, and allowed to 
remain until cold. 

Now concentrate and free the metal from all the lighter 
gangue, by water-washing over the margin; then gently dry 
the mercury and weigh in a previously balanced paper pan for 
percentage. If cinnabar should be present, the difference of 
this weight and that of either of the assays made under the sec- 
ond heading, by letters A, B and 0, will also give the percentage 
for mercury contained in the ore. 
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4. AssATiHO ICktaluc Mxboubt bt Pbeldohaby Watkb Con- 

OXHTBATION AHD FiRAL COLLEOTIOH BT DmEOT AHALaAMATIOK. ^Well 

wash and concentrate 1000 grains, as just described under Head- 
ing 3, and after discharging the dirty and refilling the vessel with 
clear water, add the cyanide of potassium so as to chemicallj 
clean the globules and increase the affinity of the quicksilver for 
amalgamation. Now thoroughly brighten a piece of gold, silver 
or copper, of any size corresponding to the quantity of mercniy 
to be collected, and after accurately weighing it, just drop it into 
the concentrated submerged residue and agitate the whole bj 
side-swaying of the water; when, after the amalgamation is thus 
fully effected, you may carefully dry at 212^, and weigh upon a 
paper pan. The difference over the first weight of the unamal- 
gamated bright metal will give the percentage of mercury.'*' 



* I luTe frtqnently found thii mode most ■dmirably conTenlont. and much more Accur- 
ate than M17 other, dry or wet, method. 
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CHAPTER XIV. 



ASSAYING OF IBON. 

Iron can be estimated by fire, sufficiently near for practical 
purposes. 

1. By Cbuoible. — Here, again, the chemical action may be 
very much simplified by the preliminary roasting of all its ores 
into the one most reducible combination, peroxide. 

A. Take two samples, of 100 grains each, of the finely pul- 
verized and carefully averaged ore, and roast them within the 
muffie in scorifiers, at red heat, for at least one hour, or until it 
has a red earthy appearance, when cold. 

B. Take two London, Cornish, or French crucibles, of about 
five inches high, which line with charcoal, by placing smaller and 
similar crucibles within, and ramming moistened charcoal be- 
tween the vessels. 

The inner crucibles being then withdrawn, by suitable jostling 
and twisting motions, the outer crucibles are ready for use after 
they have been slowly and thoroughly dried. 

C. Intimately mix this roasted (100 grains) sample with 100 
grains of one of the carbonates of lime, (as chalk, marble or cale 
spar,) 100 grains of common window-glass that is free from lead, 
and one part of charcoal, all finely pulverized. 

D. Transfer these mixtures to the duplicate charcoal-lined 
crucibles, and, after filling the remaining spaces with small pieces 
of charcoal, the lids must be closely luted with fire-clay. 
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£. Place the cmcibles in the f timaoe, and raise them slowly 
to a red heat; then increase to while heai for full twenty minutes, 
when they may be withdrawn, and gently tapped on the top of 
the furnace, to settle the small floating buttons into ibhe one large 
button at the bottom, which, when quite cold, may be remoTed 
and weighed for percentage of iron. 

If the buttons are still separated, they may be collected from 
the pulverized slag by magnet, or by water-washing, drying, etc., 
as described at page 186. 

The metal should not be so brittle, as to break into powder 
under the hammer; but, rather, to flatten slightly in a partially 
ductile manner, then crack around the edges, and fracture as 
whitish cast-iron. 

2. Assaying of Ibom bt Watbb Comokntbatiok. — Some of the 
more compact and alighUy friable iron ores can be assayed very 
closely by water concentration and calculation, either from their 
coTUstUuiional quantities or previously tabulated percentages, from 
the weights of their dried heavy residues; the most prominent of 
which are the magnetic iron ores, the carbonate of iron, common 
iron pyrites, arsenical iron pyrites, and the worthless tongstate 
of iron. 

These can be assayed by carefully concentrating 100 grains of 
ore, as pulverized and averaged by the method fully described in 
Ghapter I, Section III, and multiplying the weight of the dried 
residues by either their constitutional or tabulated practioal per- 
centages, and dividing by 100. 

There are others, including all which freely pulverize to a red 
and impalpable powder, that cannot be thus assayed to even an 
approximate degree of accuracy; for the whole may be thus passed 
away in mechanical solution, by continued pulverization, and 
additions of water. 

3. Approximate Assay of Ibon, as Governed by Volume and 
Weight, from Tabulated Compabisons with PEEOENTAaES of Pre- 
viously Made Fire and HuMm Assays. — The last-named friable ores 
which cannot be assayed by water, as well as all other ores, thai can 
be, may be estimated for practical working purposes, on the peculiar 
or particular ores of the same mine, in the following ever-ready and 
'^'diless manner: 
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Record every assay that you have occasion to make or obtain 

by &re or acids, in working on the large scale, in its proper place, 

into one long column, having a line for each profitable unit of 

percentage; and, for every assay thus aotuaUy made, take one 

mectsijLre of the ore, (say a tin yeast-box, or a coverless tin flour- 

GLred.g^e, which has been balanced by a suitable balance-weight 

k:ept for the purpose,) by striking it off straight across the top, 

and. record Us weight in the opposite corresponding unit of another 

coliunn, for future reference ; and in a short time you will have 

a suficient series within the required range for percentage. 

The ore must, as a matter of necessity , for this and ordinary prac- 
tice, he passed through the sam^fine sieve, and it vyiU he found more 
cbGcuraJie to settle down the powdered ore hy tapping lightly on the 
sides of the vessel until it wiU receive no more, than merely filling 
and striking off without it ; hut a third column m/xy he added, to show 
the weight of hoth results, for even more compact comparisons. 

The ore must also he perfectly dry, at dU times alike, for the fire, 
the humid, and measure estimations. 

The high percentage of the iron ores, the rare and trifling 
presence of other metallic minerals, and comparatively great dif- 
ferences of the specific gravities of the ore and gangue, together 
with the difficulty, uncertainty and expense of making either the 
humid or fire assay, will render this mode much more exact and 
valuable for iron than most otJbier assays; and such fire or wet 
assays may be made by any distant assayer, for your especial and 
local guidance when repeated by both measure and weight, as 
required. 

Indeed, it would he quite a desideratum for the iron miner, if it 
did no tnore than indicate, in this prompt manner, hy hut one exam- 
pie, the zero of percentage that wiM not pay for shipment to the dis- 
tant smelting furnace, or market. 

4. The Humid Assay of Iron — Is greatly simplified and facili- 
tated by a preliminary roasting of about an hour, at full red 
heat, which brings (by volatilization) the ores that contain the 
most refractory elements for humid treatment into the same con- 
ditions as the other natural ores, which yield more readily to the 
action of acids. 

The following is, perhaps, under all circumstances, as easy and 
safe a means as can be employed by the miner, who is neither 
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well rened in chemical reactions and manipolstwi^ t^-' -~ 
plied with the nameroiu, complicated, »^^'^ tsipensti ^- 
that would he otherwise leqnired. 

A. Boast oO gruna ot averted, £neiy pxdvaiieiioKk. 
challced cap, or crucible; and, after scraping the rhok 
ore from the roasting cup, it should be again pnlTeriiri- 
t^i^Dtlj boiled for a half-hoor, with about six times Hx to.--- 
" aqua r«gia, " in a small glass flask or porcelain disb. pl^^ 
the wire ring over the lamp (as shown at page 393, Fi^^.-^ 
so regulamtg the heat that none of the liquid shall be pL,-' 
aver the « e«ael b; excessive ebullitdon. 

B. A^Uow it to stand and cool down for a few iaiiiate$. -- 
Lb« liquor becomes clear, hf the settlement ot O^aoMpir. 
^{id c^ivbilW pour it into some other sottable Teseel, th&' - 
ba« a pouring lip; then treat the solid residue imih aimOterqi^ 
/I- -.iti aiyuis i/i the tame manner, and nnite the two hcpof - 
Uf« oB« ba^ua, 

C. This solution must now be completely evaponUed bjr' 
sUfi : aftvc which, the soluble parts of the dried reaidiK mas 
<i^-h.a dissolved in about the same quanta^ of an eqnal mii'- 
■1. ^^> di\>--:^one aoid and water. 
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iriap (aa is the first acid stage) which dissolves out the alu- 
, leading the oxide of iron, that may be well washed with 
-, and perfectly dried at 212° (over the sauce-pan, as previ- 
d.eecribed, if yon have no more usual means), then it may 
nited by a match, to burn ofT all the surplus weight of paper 
a, clean aaucer, and the residue weighed, 
lis weight, multiplied by .7, will be just that of metallic iron, 
as 50 grains were taken, this being multiplied by 2, will give 
percentage from your sample. 

If it be desirable to ascertain the percentage of the insol- 
1 portion of silica, etc., twice the weight thereof will also show 
iter the first filter has been thoroughly dried, and its weight 
.oved therefrom by complete ignition. 

[. The lime and magnesia can be also known (to provide for 
re exact fluxing), by first adding to the original ammoniacal 
[ition, from whence the iron was precipitated, sal-ammoniac, 
loride of ammonia,) which prevents magnesia from being pre- 
itated; and then adding oxalate of ammonia, to precipitate the 
le as oxalate of lime, which may be changed to carbonate of 
>e, as found in the rock, and used for flux, by wanning to a 
1 heat, with a litUe slightly moistened carbonate of ammonia; 



410 THE EXPLORERS, MINERS' AND 

well Tened in chemical reactions and manipulations nor sup- 
plied with the numerous, complicated, and expensiye facilities 
that would be otherwise required. 

A. Boast 50 grains of averaged, finely pulverized ore in a well 
chalked cup, or crucible; and, after scraping the whole of the 
ore from the roasting cup, it should be again pulverized and 
gentij boiled for a half-hour, with about six times its volume of 
'' aqua regia," in a small glass flask or porcelain dish, placed on 
the wire ring over the lamp (as shown at page 393, Figure 39), 
so regulating the heat that none of the liquid shall be projected 
over the vessel by excessive ebullition. 

B. Allow it to stand and cool down for a few minutes, until 
the liquor becomes clear, by the settlement of the solid portion, 
and carefully pour it into some other suitable vessel, that also 
has a pouring lip; then treat the solid residue with another quantity 
of the acids in the same manner^ and unite the two liquors « into 
the one basin. 

0. This solution must now be completely evaporated by boil- 
ing; after which, the soluble parts of the dried residue must be 
again dissolved in about the same quantity of an equal mixture 
of hydro-chloric acid and water. 

D. This is then filtered, and, after the two insoluble residues 
are placed (or, rather, washed) upon the filter, it is well cleaned 
by additional water, to pass the last relics of the acid through 
into the solution, so as to obtain all the iron, before it is put aside 
for precipitation. 

E. It may now be slightiy boiled for five minutes, when, by 
adding an excess of ammonia, the iron, with the alumina (veiy 
often found present) can be precipitated.* 

The alumina may be separated from the sesqui-oxide of iron, 
after they have been first well washed with water, by boiling with 
caustic potash for some time, within a thin porcelain dish, over 



* The warming is not impenttiyely neoeiMry, bnt will, by leiaening the gelatlnoiif 
Action by aggregation, facUltate the lUtration, etc. 
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lie lamp (as in the first acid stage) which dissolves out the alu- 
aina, leaving the oxide of iron, that may be well washed with 
v'ater, and perfectly dried at 212^ (over the sauce-pan, as previ- 
>usly described, if you have no more usual means), then it may 
3e ignited by a match, to bum off all the surplus weight of paper 
>Ter a clean saucer, and the residue weighed. 

This weight, multiplied by .7, will be just that of metallic iron, 
Euid as 50 grains were taken, this being multiplied by 2, will give 
the percentage from your sample. 

G. If it be desirable to ascertain the percentage of the insol- 
uble portion of silica, etc., twice the weight thereof will also show 
it, after the first filter has been thoroughly dried, and its weight 
removed therefrom by complete ignition. 

H. The lime and magnesia can be also known (to provide for 
more exact fluxing), by first adding to the original ammoniacal 
solution, from whence the iron was precipitated, sal-ammoniac, 
(chloride of ammonia,) which prevents magnesia from being pre- 
cipitated; and then adding oxalate of ammonia, to precipitate the 
lime as oxalate of lime, which may be changed to carbonate of 
lime, as found in the rock, and used for flux, by warming to a 
red heat, with a little slightly moistened carbonate of ammonia; 
when it may be weighed as such, and multiplied by 2, for per- 
centage. 

I. The magnesia can be now precipitated from the solution 
by addition of phosphate of soda, which deposit being filtered, 
washed, dried, ignited (by match to bum off the weight of paper), 
and weighed, may be closely approximated for magnesia by 
multiplying this weight by the decimal .36, etc. 

These re-agents should be in liquid state, as dissolved in water, 
and must be filtered through clean and pure filters when passing 
it into the solution that is being analyzed. 
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CHAPTER XV. 



▲flSATIRO OF MAKaANSSB AND ZIRO. 

1. Bt Cbuoiblb. — ^The pulyerized oxides of manganese maybe 
reduced to metal by being first mixed with oil into a paste or ball, 
and then snbjeoted, for twenty minutes, to the greatest possible 
heat by common furnace. 

The meial itself is, however ^ oflitOe value, either for use or oma- 
merU, being very infusible^ hard and brittle; it is of grayishr-whUe 
color, tarnishes quickly in air, and is rapidly oxidized when heated. 
In Us mineral condiHon of peroxide, it is valuable in the laboratory, 
and various departments of the arts; and for such purposes, the 
quantity of oxygen that can be extracted therefrom is its best measure 
for useful vcdue, 

2. Estimation of that Pobtion of Oxygen which is Free fob 

EXTBAOTION, FBOH MANGANESE, BT HeATING TO EeDNESS IN THE 

Muffle. 

A. Warm 100 grains of the averaged, finely powdered ore, in 
a scorifier, or roasting-cup, for a half-hour, in a muffle, at a red 
heat; remove it therefrom, and weigh, after it is quite cold, for 
this heat has caused the removal of the quarter of its real quantity 
of oxygen, and one-half of its disposable quantity for the produc- 
tion of chlorine gas; and as the pure peroxide of manganese 
would, when thus treated, release 9.25 per cent, of oxygen, it fol- 
lows that the loss of weight so sustained measures its ratio of 
value. For example, if this loss should be, say 6 grains; then 
as 9.5 is to 6, so is 100 to its comparative percentage of value, as 
compared with the pure oxide; or, 100 multiplied by 6 and divi- 
ded by 9.5, equals its percentage value of 63.1. 

In this mode of assay, you must be certain that no native 
metals are present, as they would increase the weight by oxi- 
dation; or compounds that would undergo changes at red heat; 
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11 of which are rare in these ores. This method, however, is at the 
?s^, only an approximation. 



A white heat, applied as above, displaces one-half of the oxy- 
en, which is all thai can he realized for the practical purpose of 
htarining the gases of oxygen or chlorine; hut this half is not so readily 
'/rvcZ surely accomplished as the quarter, hy red heat, 

3. ASSATING THE PsBOXIBE OF MaNGANESE BT WaTEB CoNOENTBA- 

rioTff. — ^The peroxide of manganese is the only valuable one of 
hliese minerals; which is black, or slightly brownish-black, when 
po^^rdered. 

Xt may be concentrated by water, with trifling loss; and when 
free from iron, which must be first tested, it is seldom associated 
to any extent with the other minerals. 

Xt may be concentrated in the manner of lead, antimony, tin, 
copper, etc., and then dried and weighed for percentage. 

The pure peroxide of manganese contains of oxygen 37 per 
cent., 18.5 of which is, as stated, the useful half, which can be 
only extracted for practical requirements; so that the concentra- 
ted weight being ascertained, the ratio of percentage may be 
known by calculation, as before. 

The multiplier may be made for your own mine, as in the other 
instances; or a double-column table may be^ounded from the next 
following and correct chemical method. 

4. The Humid Assat fob the PEBOxmE of Manganese. — The 
following mode is sufficiently accurate for all the purposes of the 
metallurgist, and can be performed, with but little difficulty, by 
an amateur. 

A. Thoroughly clean the sulphide of hydrogen apparatus, 
(shown by Figure 40, at page 401,) and place 100 grains of the 
manganese ore into flask A; after stopping down the vessels per- 
fectly gas-tight, with the tubed corks, as shown, and nearly filling 
the receiving tumbler with lime-water, pour down the long funnel 
of vessel A about 600 grains of hydro-chloric (muriatic) acid upon 
the ore, and apply gentle warmtii, by placing bottle A in a small 
sauce-pan of cold water, and then warming it over a fire or lamp. 

The chlorine gas thus formed will pass over into the second 
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bottie, and ihenoe into the tumbler, (or any other large Tessel,) 
and through the lime-water, and, having strong affinity for the 
lime, it instantly forms a chloride therewith, from which the 
quantity of chlorine can be readily ascertained by simple calcn- 
lation. 

It will be necessazy to have an excess of lime-water in the pre- 
cipitating tumbler, and, before finishing the analysis, to drive 
oyer all the chlorine gas into the lime-water, by pouring water 
down the long tube A, so as to first fill this vessel with watered 
acid, and then to expel the gas from the second vessel, by just 
sufficient air to force over the thus diluted acid therein, until this 
bottle also becomes freed from the remaining chlorine gas. The 
lower end of this discharge tube into the second bottle, should be 
close up under the cork. 

Oare must be taken that neither the breath nor the diluted 
hydro-chloric acid shall pass over during this expulsion of chlo- 
rine gas, as the former would form carbonate of lime, and the 
latter an excess of chloride of lime, and spoil the operation bj 
giving an excessive result. 

After these precautions, the liquor may be filtered from the 
tumbler, so as to collect the chloride of lime on the previously 
balanced filter, as either dried at 212^, in a suitable water oves, 
or in the more ready manner as directed at page 364, over a 
sauce-pan of boiling water. 

The 100 grains of pure oxide of manganese, when thus treated, 
will release about 75 of chlorine gas from the acid, which, by 
uniting in this tangible manner with lime, will form 117.2 of the 
chloride of lime; and, this dried weight being known, the weight 
or percentage of gas from the ore may also be known in the fol- 
lowing manner: 

K the weight of the chloride of lime produced from 100 grains 
of ore was say 58.6, then it would be, as 117.2 is to 75, so is the 
weight of 58.6 to that of chlorine gas realized from your ore, and 
its ratio of percentage value for ordinary practical purposes. 
Or, !^=37.5. 

If you take a smaller quantity for the assay, as 50 or 20 grains, 
first multiply by 2 or by 5, to throw the quantity into hun- 
dredths, and still proceed to figure for value as in the preceding 
paragraph. 
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ASBAYING OT ZING. 

X . By Water Conoentbation. — The zinc ores may be approzi- 
cLa.ted for percentage by water treatment in precisely the same 
o.aainer as thQ ores of lead, antimony, copper, tin, iron and man- 
^a^xiese; and the weight thus obtained, being multiplied by its 
3q|xiivalent, or practically ascertained decimal number, will give 
ilxe percentage of metal; therefore as the fire assay is tedious, 
LixLcertain and veiy difficult, this water mode will be quite service- 
ebl3le to miners for everyday purposes. 

2. HiTMm Assay of Zino Obes. — Dissolve 100 grains (or any 
xnore convenient quantity to suit your purpose), in four parts of 
Iiydro-chloric (muriatic) acid and one part of nitric acid, by boil- 
ings until the solution is evaporated to perfect dryness, and the 
dish becomes almost red-hot; then moisten with sulphuric or 
nitric acid (not hydro-chloric), gently warm, until dissolved; add 
mrater, and filter into a suitable vessel for precipitation. Add a 
strongly alkaline excess of aqua ammonia and warm, which will 
precipitate iron, manganese, etc., as well as the zinc; but being 
in excess, it will re-dissolve the manganese and zinc, which must 
then be again filtered, and the residue washed with a very dilute 
solution of ammonia, to carry through the whole of the zinc, and, 
if manganese is present, that also; therefore, unless you have 
ascertained (as directed in Chapter YII, under that mineral's 
heading) that it is not present, you had better, for greater safety, 
separate it from zinc, in the following manner, before final pre- 
cipitation: 

Add acetic acid to the solution, until it becomes strongly 
acid, which keeps the manganese in the solution whilst the zinc 
is being precipitated therefrom by sulphide of hydrogen gas, (as 
generated in the apparatus shown by Figure 40, described at page 
401,) and forced through this strongly acid solution until all the 
zinc is precipitated, when this sulphuret of zinc may be collected 
on a filter by filtration, well washed by water, and then dissolved 
in dilute hydro-chloric acid. 

An excess of carbonate of soda must be now added to this 
filtered solution, until no more carbonate of zinc is deposited. 

Now dry a clean JUter at 212°, and accurately balance or weigh 
it on your scales, then fold it into a funnel, filter the solution 
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and well waah the oyerlying residue, dry perfectly at 212- , si 
weigh. 

This weighty less that of the dried filter, will be the weight 
carbonate of zinc; which, being multiplied by the decimal .8,v 
give its percentage of metallic zinc. 

There are seyeral fire methods for assaying zinc ores; but, 
they are neither exact nor of easy execution, I have deemei 
better to rely on the two humid modes which are given ahf 
rather than recommend and describe much more uncertam £ 
less reliable manipulations. 

The water treatment will be sufficient for practical purposes J 
the mine, and this chemical mode, when carefully performed,! 
quite certain for its commercial estimation. 

The method of volume and weight, previously described, ni 
be also used on similar ores of the same vein, for the minimii 
percentage that will pay for extraction, so as to approximate f^ 
working purposes, as tabled in corresponding columns as figois 
from humid assays. 

To ascertain the amount of gangue, it may be also roasted ii 
about an hour, at a high red heat, and then weighed for lol 
of weight of ore, and the remaining approximate weight of tli 
non-volatile residue of matrix. 
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CHAPTER XVI. 



ABSATINa OF GOAL, AND OTHBB FUELS. 

1 . Bt lamnoN m a Clay ob PLATmuM Cbugible. — ^A good 
ractical estimate pf the quality of coals may be made by simple 
gnition of 100 grains in a muffle, or in any open and clear fire, 
^r a sufficient time to consume the combustible elements, and 
hen subtracting the residue of unconsumed ash from the original 
rei^lit taken, for the percentage Of inflammable matter. 

The character of smoke, duration of flame and coke, with the 
lature of clinker, etc. , being duly noticed for quality, will give 
.dditional evidence of superior or inferior kinds, beyond the 
nere weight of carbonaceous matter present. 

2. AssATiNQ Coal in Cbugible, as Goyebned bt Quantity of 
Carbon Pbesent. — ^The most ready means for the estimation of a 
luel ia that devised by Berthier, a French chemist, which may be 
Derformed as follows:* 

G-reat care must be taken to free the litharge from minium, and 
(t is better to purify it by fusing in a clean crucible, at a red heat, 
ftn intimate mixture of 3 grains of pulverized charcoal with 1000 
gfrains of the impure litharge, which will extract the minium, and 

* Dr. Uze, In the sapplement to the Dictionary of Arts, Mines, and Mannfactnres^sayB: 

'* On subjecting this theory to the touchi tone of experiment, I haye fonnd it to he entirely 
tallacionB. Having mixed, very intimately, 10 grains of recently calcined charcoal with 
1000 parts of litha^e, both in fine powder, I placed the mixture in a crncible, which was 
so carefnlly coyered as to be protected from all fnliglnoos fumes, and exposed it to dis- 
ttnct ignition. 

* No less than 603 grains of lead were obtained ; whereas, by Berthier's rule, only 340 or 
846.6 were possible. On igniting a mixture of 10 grains of pulyerized anthracite, trom 
Xerttayr Tydyill, with 600 grains of pure litharge, previously fused and pulverized, I 
obtained 880 grains of metallic lead. In a second experiment, with the same anthracite 
and the same litharge, I obtained 460 grains of lead ; and, in a third, rnly 360 grains. It is 
therefore obvious that this method of Berthier's is altogether nugatory for ascertaining 
the qnantliy of carbon in coals, and is worse than useless in judging of the calorific quali- 
ties of dliferent kinds of fuel." 

27 
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leave the litharge as it shoiild be, when it can be pnlyerized and 
need with greater confidence. 

Now onadnlterated carbon will reduce from litharge 34.5 timet 
its weight of lead; and hydrogen 103.7 times its weight of lead; 
BO that the amoont thus -reduced by any fuel will give the com- 
paratiye quality of the fuel. 

I have found it much better, for practical pozposes, to disre> 
gard the above data, and to first take 10 grains of finely pnlver* 
ixed coal, of known Jirst-^daas qiialUy, with 300 grains of litharge, 
most intimately mixed together and covered by a layer of another 
300 grains of litharge; and then to take a second 10 grains of the 
fuel to be assayed, and next, after being similarly prepared, thej 
must be placed, exactly under the same conditions, just side by 
side in a furnace, and slowly warmed to redness; the heat is 
speedily increased to white, then they may be withdrawn from 
the fire, and allowed to get quite cold before the buttons of lead 
are extracted by breaking the crucibles. 

About 20 grains of common glass powder may be first put in 
the bottoms of the crucibles, so as to protect the lead from the 
subsequent action of the litharge, and thereby produce a more 
compact and clean button. 

1/ (he lHharge, whether pure or not, is first intimately mixed to a 
correct average of quality, as instructed for the preparation of an on 
assay, in Chapter I, and the coals are boOi dried, there can he jw 
reason why these assays of genuine coal, and that on trial, should 
not be an exact comparison for ratio of values; conducted, as they 
are, by both flux and fire, in a precisely similar manner throughout. 

You will find this exactly similar duplicate comparative test 
wUti first-class coal or charcoal, more simple in execution and most 
reliable, when the litharge has been only used in slight excess 
after being first mixed into correct average. 

John Mitchell says, in his large work on Assaying, that if the 
commercial white lead is used, instead of the impure litharge, 
much closer results can be obtained. He has not, however, en-^ 
dorsed Ure's condemnation of Berthier's method.* 



* Here the otherwise useless and too common long-stem tobacco pipe, as made of clay, 
will be again useful for the pjirposes of ascertaining the lighting and coking qualities of 
different coals, as by fklling the bowl with pulverized coal and closely luting It with clay, 
you may, by placing it in a red-hot fire, ignite the gas as it issues flrom the stem, and read- 
ily note the quality and duration of the light, as well as the character and quantity of the 
coke— if any should still remain^ln the bowl. ^ 
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3. AssATiKO* Coal bt Gommok Blow-pipe, fob Appboximate 

BSTILTS, WHEN TbAYELINO. 

A.. Bum off all inflammable ingredients from exactly 1 grain 
: t;lie powdered coal, in the manner of roasting a copper assay 
s described at page 380), and weigh. the residue of clinker and 
ilx, for percentage of useless eremeifls; which, being deducted 
'om the 1 grain, or the 100 parts, will give the combustible per- 
sntage. Then, compare this with another sample taken from 
ood coal and treated in an exactly similar manner. 

S. Take a solid stone, and cut it so that it may weigh just 1 
r&in, which bum very gently on charcoal, before the blow-pipe's 
L&xne, and weigh as before under A. 

4:. AssaVino Coal by Machine. 

A. Proceed on the quantity as weighed by difference of 
v^eights B and A, just as by common blow-pipe, under sub- 
leadings A or B, and balance, for percentage, on calculating 
ever. 

£. Ignite and burn off, in the crucible, when placed in fur- 
aace, (as in Figure 32, page 326,) similar to that of ignition in 
crucible, as under the first heading of this chapter. 

5. The Estimation of the Sulphub Associated with Coal. — 
Tliis will be frequently found yery desirable, for the sulphur is 
not only disagreeable to those who have much to do with fires, but 
highly deleterious; as it forms sulphurous acid and various com- 
pounds, the products of combustion, such as the sulphides of 
hydrogen, ammonia and carbon, which attack the iron and cop- 
per of steam and cooking boilers so energetically that they are 
soon rendered useless; and when such coal is used for the pro- 
duction of illuminating gas, many articles, as oil paintings, col- 
ored fabrics and silver-ware, become sadly discolored and tar- 
nished. 

The following method, recommended by Mitchell, will^ be 
found very efficient for your purpose : 

** Pbooess.— 1 part of the coal, finely pulverized, is mixed with 7 or 8 parts of oitrate of 
potash, and 16 parts of common salt, and 4 parts of carbonate of potash, all of which saline 
matters must be perfectly pnre ; the mixture is then placed in a platinum crucible, and ' 
Rently heated. At a certain temperature, the whole ignites and bams quietly : the opera- 
tion is finished when the mass is white. It must, when cold, be dissolved in water, the 
solution slightly acidulated by means of hydro-chloric acid, and chloride of barium added 
to it as long as white precipitate forms. This precipitate is sulphate of baryta, which 
must be collected on a filter, washed, dried, ignited, and weighed ; every 116 parts of it 
indicate 16 of sulphur." 
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CHAPTER XVII. 



'i 



WOB&INO TESTS FOB GOLD AND SILYBB. 

In addition to the many practical modes given in the preceding 
chapters on assaying, those who may deem it more satisfactorv 
to realize corresponding results to large scale operations^ may do 
so, by somewhat similar treatment, with the following, easily ob- 
tained, miniature appliances: 

AMALQAHAflON OF SILYBB AND GOLD WTTHOXTT BOASTING. 

« 

Take a carefully averaged and finely pulverized sifted sample 
of 87,700 grains, which is about 5 pounds and 6^ ounces avoir- 
dupois, and place it in an assayer's ordinary mortar, a perfectlj 
clean camp kettle, or a prospecting pan, with just sufficient wa- 
ter to form a thick movable pulp. To this you may now add 
about a quarter pound of salt, one ounce of either bi-chloride or 
sulphate of copper, with two tablespoonfuls of wood ashes, and 
grind with a stirring circular motion for two hours. 

If the mortar is used, you may stir and grind with the pestle; 
if the. prospecting pan or camp kettle, a common flat iron, as 
that for ironing linen, if obtainable, will be found most efficient, 
otherwise a sledge or poll pick will answer. After this pour in 
a quarter pound of mercury and just a small pinch of bright 
filings or fine chips of zinc, and again grind for six or eight 
hours. * 

The vessel should be kept quite as warm during this grinding 
as your hands will bear, and the pulp only so moist that the 
quicksilver will roll or circulate through the mass. This is not 
difficult to accomplish when two or more persons take turns at 
the work, and being thus far performed i^ may be easily com- 
pleted by removing from the heat, and filling the vessel vnth 
cold water for settiing the quicksilver and amalgam by slower 
stirring of the much thinner pulp, for about an hour, when it 
may be concentrated by side shaking and passing the greater 
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%irb of the liquid portion over the rim, when the residue 
iSLy be closely concentrated by addition of water, &c., in man- 
&jr explained in Chapter III at page 163, so as to obtain clean 
iGjrcury, which may be then strained through wet buck-skin to 
Bb the amalgam and the silver or gold by flattening it into 
3.1x1 cakes and retorting or bummg oif the quicksilver in a small 
rucible within a moderately hot Are.- 

IBach grain of silver thus obtained will represent $1 per 2,000 
t>s . ton, or $24 for every pennyweight, and $480 for every ounce 
roy. In decimated weights it will be still more simple as $1, 
;10, $100, $1,000, &c. The value for gold may be known by 
aialtiplying either of these by the whole number of 16. Or 16 
imes as much may be taken for the sample, which being first 
carefully concentrated by water to about the quantity used for 
ilie silver test, may be treated as described, but quite cold with 
nothing more than the wood ashes, zinc and quicksilver. 

Before valuation, the thousandth's fine should be tested by 
blow-pipe in the manner described at page 324, as the retorted 
alloy will, like the former mode, also contain copper and zinc. 

AMALGAMATION OF GOLD AND SILVEB, AFTER BOASTING. 

In many samples the associated mineral has such strong chem- 
ical holdfast, or so imprisons the silver or gold, that it cannot 
be separated or extracted before these barriers are removed, and 
fire is by far the most simple a§ well as economical and certain 
means for such purposes; so that, when an ore cannot be worked 
in raw condition, you may first roast the whole sample in an old 
wrought iron frying pan, or other suitable vessel, with say a 
quarter pound of salt, keeping the mass at red heat, during 
almost continual stiniug, for at least two hours, so as to volatil- 
ize the stubborn element) and chloridize the silver to tractable 
condition.* 

The ore will now be in proper condition for the amalgamation 
of silver in the manner described for raw ores either with or 
without the chemicals there named. 



*If the sample ehotild lack snlpbnr some otsUide snlphnret mineral must be added for 
more effectaal chloridatioii. 
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For gold, simple roasting without salt will suffice, and prelim- 
inary panning may be done as before stated, so as to greatly re- 
duce the first raw quantity for fire treatment 

For the roasting and chloridizing of gold bearing sulphureta 
of iron, see method already dfpcribed at page 334, and Platt- 
ner's large-scale process, in the latter part of Volume II. 

ESPECUL AMALOAMATIOK FOB FRKE GOLD IN QUARTZ. 

A splendidly speedy and accurate, comparative test, for what 
can be obtained from free milling auriferous quartz, maj be 
made, by first very carefully and closely concentrating, in a pros- 
pecting pan, the larger of these pulverized quantities, or 86^ 
lbs. , in suitably small lots, to say about one lb. of heavy residue, 
and then collecting the gold under an hour's rubbing into an 
amalgam with about an ounce of clean quicksilver, when after 
well washing, to settle the mercury and pass away the debris, it 
may be strained through buck-skin, flattened into thin cakes, 
retorted and thus approximately valued, or correctly refined for 
thousandths by blow-pipe and nitric acid, in manners described. 
Evexy grain of gold will just equal one dollar per ton. 

Prospectors for auriferous quartz veins should highly value 
this mode, as they may average very large quantities and even 
take 86^ lbs. for concentration, to at most a pound, and thereby 
obtain, from the correctly prepared large sample and very small 
heavy residue of auriferous matter, very exact results by even 
this easily performed, miniature amalgamation. 

Yolimie n will treat of large scale operations and processes 
of Mining and Metallurgy. 
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"Words and Phrases used in the Arts of 
Prospecting, Assaying, Mining 
and Metallurgy. 



Acxx>i7NT-DAT. An especial bi-monthly or quarterly meeting of share-holders 
at the Mine for general consoltations and settlements of accoants. 

A.cx30i7iiT-HonsB. The office and boarding-house of the Superintendent, local 
manager, agents and clerk. 

Acxno-AOiD« Concentrated unadulterated vinegar. 

Aozoui«AB. Needle-like prisms of crystallization. 

Acno. In ordinary sense means, any gas, liquid, or solid that will unite with 
alkalies, ico., &c.. and more or less change or destroy the characteristics 
of both, by forming alkaline salts, &c., &c. 

AcxDUiiATE . To render a solution acid by the addition of any appropriate acid. 

AcBX. A quantity of land equal to 10 square chains, dee Chain. 

Adft. Adit-leyel. Shallow-adit. Deep-adit. An especial level for 
draining one or more Mines by natural outflow of water. (Such a level 
*in Cornwall, called the County adit, which drains several Mines, is up- 
wards of 40 miles long. 

Adobe. The Spanish for a soft unbaked brick. 

Adze. A double-handed, sharp-edged, curved tool; for cutting and trimming 
flat surfaces of wood, of somewhat similar action to a common axe, but 
chamfered only outward, to a chisel like edge-, that cuts at right angles 
to the workman. 

AaoBEOATioN. The collection of different minerals into one mass, which may, 
however, be mechanically separated. 

AooLUTiNATED. Joiucd by gluelike cementation. 

AiB-ooMPABTMENT. A Separate — air-tight part— of any shaft, winze, rise, or 
level, for improving ventilation. 
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Aui-DOOB. A door for the regulation of onrrents of air, through the wor] 

AiB-ouBHioR. Spring cansod by confined air. See Phillips's Hydraulic 
pumping engine, Volome II. 

Aia-SHOiNB. A machine power very similar to steam engine, bat worked by 
compreesed air. 

AiB-rAN. Bevolving fans, driven by an axle, for extracting and supplying air 
by rapid revolution. 

AiB-FUBNAOK. A fire placed at the surface, fOr drawing out foul air from 
shafts or levels by its natural draft for combustion. 

Anfc-OATB. An air regulator, by hinged or sliding gate or door. 

Aia-HOLB. A hole drilled in advance to improve ventilation by such partial 

communication. 
AiB-JiooiMO-MAOHiNB. For Separating ores, without water; by intermittent 

upward puffs. See Second Volume. 

AiB-MAOHiNX. Any mechanical appliance for forcing in pure air or extracting 
foul gases. See those in Volume II. 

Aia-ovjEN. A heated chamber for drying samples of ores, liquids, &c. 

AiB-FXPB. An air-tight wooden pipe or metal tube, so laid as to convey air to 
or from any particular place. 

AiB-PUMP. Used in laboratories for extracting air, and for steam engines to 
assist in keeping better vacuum in condenser. 

Am-BHATT. A hole sunk for the especial purpose of supplying air to the 
advancing end of a long tunnel, by chimney-like draught 

AziHSOiiLAB. An air-tight wooden fioor, so placed under feet, that sufficient 
space will still intervene above the rock bottom, for the cold water to 
cause a constantly inward fiowing current of refreshing air, to replace 
that in the level. 

AiiLOT. Two or more metals melted into one homogeneous piece. 

AiiiiUVZAii. Belating to the deposits by water; of clay, sand and gravel. 

AiiLUVinM. AUiUViON. Gravel, sand, clay, Ac, deposited by water, and now 
more or less solidified upon older formations. As the auriferous alluvions 
of Oalif ornia are far too irregular in width and vast in extent for any less 
restricted alluvial cause than the ocean itself. See Chapter 4, page 56. 

Alta. The Spanish word for the upper or hanging wall of a vein. 

Alumina. Oxide of Aluminitm. AiiXTM. Clays are highly aluminous, when 
most suitable for crucibles, fire bricks, &c. 

Ama£oam. Wet-amaloam. Dbt-amalgam. Cbisp-amaiiOAM. Betobtii> 
AMAix}AM. The various degrees of union of fluid mercury with gold, silver, 
copper, &o. 

Amalgamatob. One skilled in the reduction of ores by amalgamation. Also, t 
by personification it may be said that the Mexican Arrastra is a good 
amalgamator but indifferent grinder, or the Chilean-mill is passably 
good at both grinding and amsdgamating. 
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Amsrigan hobse-whim. The Cornish whim inverted, so that the cage and 
rope shall lie beneath the horses' feet, &o. See page 151. 

Analysis. Chemical analysis divides matter into separate elements. 

AnoijE-beah. Y-bob. a strongly bnilt doable-limbed beam, tied as one by 
bridles, for taming angles in shafts, &c., by connected pamp rods, &c. 

Anolbs, Dips and Spubs. The side-extent which can be claimed apon a min^ 
eral vein is expressed by this phrase. 

Anhtdbous. Waterless. As anhydroas acids, salts or minerals. 

Ankbaij. To soften by slow cooling, by a warming and dipping some metals. 

Anquebas. An appendage in the rear of the Mexican saddle, generally made 
of goat-skin, .with the wool hanging gracefally downward . 

Aktimoky. a metal. Symbol Sb. Atomic weight 129. 

Akvil. a heavy block 6| iron apon which blacksmiths forge articles of 
wroaght iron to any desired shape. 

Apabejo. a kind of pad or mat, cinched apon a beast of barthen. 

Aqueduot. An artificially l^ailt, elevated way, for carrying water across un- 
even groand or valleys. 

Aqueoxts. Containing water, as a watery or aqaeoas solation. 

Abbob. An axle which partially or wholly revolves. 

Abbobbbcent. Tree-like forma^tion of minerals. 

Abgh. a circular form of rock intentionally left standing for the more cer- 
tain support of the overlying rock pr vein. 

Aboentifebous. That which contains or yields silver. 

Abgoii. Cbude-tabtab. An acid salt deposited from wine, upon casks. 

Abm. HobsE'Abm, &c. The bar to which a horse or anything is attached. 

Abbastba. a Mexican crushing or amalgamating machine, consisting of a 
circular trough wherein stones are dragged round after a transverse arm 
revolving upon a vertical central stem or axle, as worked by horse, steam, 
or water power. 

Abbeabs. When assessments or calls are unpaid. 

Abseniate. Arsenic acid united with a base, &c. 

Absenio. a metal. Symbol As. Atomic weight 75. 

Abseniubet. Absenidb. Arsenic in chemical combination with some base; 
as, minercUogically expressed^ arseniuret of iron; and chemicdlly, arsenide. 

Abtesian-well. a deep well for obtaining water from beneath the compact 
stratification of the overlying rook, as supplied by pressure from the dis- 
tant side hills or mountains. 

Assay. Assaying. Reducing minerals to metals in a small way, for ascer- 
taining their re^l working or commercial values upon the large scale. 

AssAYiNO-FUBNAOE. See page 283, for such a furnace as made of bricks. 
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AflBUBMnrr (American). Gall (Oomigh). Levy on share-holders for ob- 
taining the neeesaary working capital. 

AaaoBTMniT. Intelligent separation of minerals for grades of quality. 

Axomo wxxosT. See Equivalent numbers. 

Attls. Addli (Oomish). Castaway rubble after assortment 

ATnuLonoN. A drawing to; as the attraction of gravitation, eoheaion, &c. 

ATTBinoM. The act of wearing away by any kind of friction. 

AuDiTOB. An especially appointed examiner o! accounts for the general 
interests of the share-holders. 

AnoKB. A very useful, double handled, half cylindrical carpenter's tool, with 
a solid cutter at the entering end; mostly used for boring deep holes 
in large sticks of timber, as beams, pump rods, &c. 

AuRiFBBons. Qold bearing, as auriferous quarts, cement, gravel, sand, 
mud, &c. 

AvALAKCBB. A large mass of snow sliding or slidden over a mountain's side. 

Awl. a small, slightly bent, sharp pointed ste^l tool, placed in a handle, 
and used for piercing holes in leather when sowing belts, &c. 

AwNiNO. A temporary canvas overspread, for intercepting the rays of the 
sun, rain, ftc. 

AxB. A long-handled or double-handed hatchet, used for roughly cutting 
large pieces of timber, firewood, &c. (Cornish Bag). 

AzLB. AxLE-TBBB. The central bar, on which the outer shell or axle-box 
revolves. 

AxLB-Box. The thimble or shell that encloses and turns upon its central 
axle. 

Azoio. The age of the rocks which were formed before any animals existed. 

Back. The overlying sections of veins and bed-rocks; as there is a large 
reserve of ore in the old backs of the 1,000 foot level. 

Bag. a small sample sack. 

Baizs. a coarse common cloth used for! lapping or wrapping the iron joint- 
rings for more securely connecting the flanched pipes of Cornish under- 
ground pumps. 

Bal. Cornish word for mine. Also in the old names of mines, as Balnoon; 
Balleswidden; Bal Dhu, &c. See also Huel and Wheal. 

Balamok-box. a large box placed at one end of a long and strong lever, 
which works upon a central axis or gudgeon, and connects at the other 
end with the rod that requires lifting up or balancing; as mostly used for 
counteracting the great weights of pumping-rods in deep shafts. 

Bab. a ridge deposited in a river's bottom, either lengthwise or diagonally 
across. Also applied by miners to a "hard bar of ground," when the 
rock gets a harder belt than is usual for that mine. 

Bablet-sagks. Much used in winter by shrewd travellers for wrapping over 
the boots to keep their poor feet warm. 
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Sabometeb. An instrument for ascertaining the heights of mountains, and 
anticipating rain or wind storms, by varying pressure of atmosphere. 

Babbel amalgamation. Amalgamating in revolving close barrels as fully 
described in the Second Volume. 

Babbow. a box with two handles at one end and a wheel at the other. 

Base. Any element or substance with which an acid will unite. 

Bass-metal. Not one of the precious metals of gold, silver, platinum, &c. 

Basin. Hollow. Flat. A natural surfac»-hollow or flat place, where min- 
erals may lie; as Bear Basin, or the hollow at the source of the Ashlet 
Biver, Vancouver Island; Dutch Flat, California, &c. Also a surface 
basin of mineral or auriferous gravel. See page 118. 

Bastos. Two wide strips of leather attached beneath the Mexican saddle, for 
protection of the back of the animal. 

Batch. An assorted pile of ore; sometimes called " doles " when divided in 
equal quantities. 

Batea. a wooden bowl much used by Mexican, Peruvian and Chilian 
miners for testing small quantities of auriferous sand or quartz by water 
concentration. 

Batten. A piece of thick board of less than 12 inches in width. 

Battsby. Mill. Stamps. See Mill. 

Beak-hobn. The peaked or conical end of an anvil, used by smiths for mak- 
ing different sizes of rings, chains, &c. 

Bed-boce. The actual rock; over or in which, gravel deposits, mineral 
pockets, and veins lie. 

Befobb-bbbast. Bock or vein sections, which still lie ahead and unbroken. 

Beb-unb. The nearest possible distance; as the loaded bee would fly home. 

Bell. For informing workmen when to come to or quit work. 

Bellows. A bottom and a middle board with clack valves, and one solid top 
board, hinged together at the nozzle end, and surrounded by leather. 
The bottom is moved by a brake staff, and this causes the top board 
to rise and force air continuously out through the noze into the Are. 

Best-upon-tbust. That miserable sybstiivJtion for contrad, when a foreman 
says, *' Do your best, men, and trust to me for making right at the end of 
the month.'* An elastic system for fooling with employers and men. 

Bi. Bin. Di. Twice or two of; as the di or bi-chloride of copper, bi-valve, 

bin-oxide, &o. 
Bin. a convenient box with cover, used for tools, stores, ore, &q. See Bi. 

BisMXTTH. A metal. Symbol Bi. Atomic weight 213. 

BiTOMBN. Bituminous Sj/Ate ob Shale. Mineral pitch. Charged, more or 
less, with mineral pitch. 

Black-jagk. The common Cornish name for the sulphuret of zinc. 

Blacksmith's Shop. The workshop for making and sharpening tools. 
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BhjaaanMntBAPs. Stripe of lefttti«r with metallic bnokles, for secnrii:^ a roll 
of blankets for trayelling. 

BiwkflT-PiPB. A pipe for supplying air to f amace fires. 

BuMD-LonB OB TBiN. Having no yisible eroppings. Hidden beneath the 
sarfaoe, and only attained by digging. 

Biow-PiPB. A wonderfully efficient month instrument for assaying and test- 
ing minerals by miniature blast and flame, with suitable fluxes, &c. 

Blow-fipb-pbstlb AMD ifOBTAB .Asteel bed-plate, cylinder and pestle; so fitted 
that none of the powder can escape when the stone is crushed by repeated 
blows from a hammer. 

Bob. The Cornish name for lever or beam. 

Boo-iBON-OBB. An iron ore found under bogs and marshes. 

BoiLBB. Stbax-bohiBB, Ac A suitable vessel for boiling under pressure. 

BoNANEA. An unexpected and valuable prize, as a large body or deposit of 
profitable mineral or metal, in one particular place or section of bed-rock 
or vein. (Mexican and Spanish.) 

BoNB-ASH. Burnt bones, pulverized and sifted for use in cupelling. 

BoBATX. Boracio acid in chemical union with some base. 

BoBB. To drill, as boring for oil, water, blasting, &o. 

Boss. The U. S. name for Saperinteudent or Foreman. 

BoTTOic. The sections under foot; as the bottom of the level, winze or shaft. 

BoTBYOiDAii. In grape-like bunches, or dotted clusters. 

BouLDBB. A large and smooth rock, rounded off as if water-worn. 

BoDNDABT. The surrounding lines, marking the extent of property as granted 
by the English " Landlords/' to miners, who may only work what comes 
within vertical lines thereunder, instead of indefinUelp continuing upon the 
vein, under legal doubt, as in this country. 

BoTBB. The name by which the common rock-drill is known to Cornish 
miners. 

Bbad-awl. a steel wire-like chisel-pointed tool, fixed in a handle; for drilling 
small holes in wood. 

Bbaxb. To retard by friction, as produced by a combination of levers and 
straps or rubbing pieces. * 

Bbass-holes. The suction-holes of the wind-bore of a pump. 

Bbsakstaff. The lever for blowing a blacksmith's bellows, &c. 

Bbeast. Bbeastino. The standing end of rock or vein, or cliff of gravel, 
immediately before; and taking down or blasting such ground is called 
breasting. 

Bbegoia. a cemented rock composed of angular fragments of one or more 
minerals, which generally exhibit different colors. 

Bbicb. For building houses, furnaces, &c. 

Bbick. Bullion cast into brick shape. 
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BBicK-MoiTiiD. For shaping or casting the yarioas bricks; 

Bbittlb. Not tongh; and, however hard it may be, it breaks very easily. 

Bboaivaxb. a long-edged axe, used for vertically trimming and squaring the 
sides of large timber. A very usefnl and efficient tool when skillfully 
nsed, for such ** backwood,*' far interior purposes. 

Bbovtn coAii. Imperfectly formed young coal; as the " Lignites," which are 
brown when finely pulverized. 

BucKST. Applied to several things that contain; as the bucket for hoisting 
rook; water bucket; the buckets of a water-wheel; to kick the bucket, &c. 

BuoKET-BOD, AND PBONG. The fork-cudcd rod attached to the bucket. See 
Volume II. 

BncKiNa-BSNCH. A long earthwork bench of suitable height for receiving the 
bucking-irons. , ^ 

BuoEZNo-HAHMSB. A 5-inch square disk with a side eye for receiving a han- 
dle, as used by the Cornish mining girls for breaking the minerals to 
suitable sizes for the market. 

BuoKiMa-HocTSE. A shed for buckers or orejorushers. 

BncxiNo-iBON. An iron bed of 12 inches sq^uare and 2 thick, used for ham- 
mering upon when crushing the ores. 

BucK-sEZN. The untanned or raw skin of the deer, used for straining mercury 
(quicksilver). 

BuDDLB. A long, slightly descending, box; used in the water concentration 
of ores. 

BBUirroN's bound bttddlb. This differs from the common bnddle by having a 
circular pit, and a central axis, that lets out the water as it .rotates a 
cross arm with ribbons or soft brooms, which by also rising with the 
'slowly accumulating ore, continue to pass the lighter portion outside and 
away, whilst the heavy is concentrated by retention at the centre. 

BuouBs: T'wo strong half-circle clasps, with suitable screws, for hugging by 
sure grip, pump columns, or when retaining in position or raising and 
lowering heavy pumps. 

BnuLioN. The metallic product from mines. Precious bullion is of high 
thousandths fine and base bullion is low grade. 

BtTBJBow (Comi&h). The general pile as hoisted from a shaft or mine. The 
same as the American " dump." 

BoBB-sTONB. A peculiarly hard and cellular silicious stone, used as mill 
stones, for grinding com and minerals. 

BusHBL. A dry measure, much used in mining and metallurgy; it contains 
2,150.42 inches, and a box of 13 inches in length by 13 inches wide and 
12% high wiU be a very nearly correct measure. 

BT-I.EVBI.. A side level driven for some nnosnal bat necessary purpose, as 
where the first level has been dangerously and irreparably crushed. 

Bt-pump. a side pump for help or safety. 
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Bt-bod. a Bid0 rod for some ftddidonal and separate work. 

Gab. Tbe first ride parts of a vein, nearest the walla, which are generally 
hard and deficient of mineral. 

Caob. Tbe cage or hollow drom of a horse whim, for carrying the rope when 
hoisting from mines. 

Caob. Oio. A light hox made of iron plate and bars, for hoisting men, &c. 

Caxb. Caziko. To cake or stick together in roasting, &e. A cake of amal- 
gam. Caking coal, &c. 

Cauclke, Calcxnbb. To bam off or yolatiiize. The Cornish name for the 
reTolTing calcining famace. See Second Volume. 

CAiiOinM. The metallic base of lime. Symbol Ca. Atomic weight 20. 

Caix) Spab. a pare, crystallized, carbonate of lime. Sometimes found as a 
matrix in veins, &c, e 

GALIJPBB8. A kind of bow-legged compass for measaring sizes. 

Cam. a tappet or carved eccentric slip.block for rnisiag and dropping bat- 
tery stampers or pestles. 

Cam. a small cylindrioally shaped tin Teasel; especially nsed as a powder- 
can, drinking can, Ac. . 

Canal. A larger water channel than a ditch, leat or flame. 

Candlb. Mznbbs' oandlb. An especially made candle, having an extra sized 
wick and more tallow for giving better and more certain light. 

CAini. A very fine and soaplike white clay foand npon the joints and within 
the seams of lodes. A good indication for minerals. 

Camtahas. Doable pockets of leather with a hole in the middle so that they 
may be thrown over the horn of tbe saddle to hang at each ride. Some- 
times covered with fancy wool pendants, of goat-hide, &c. 

Cabtbxn. a traveller's water can, of cheese shape, and corked at the edge. 

Canon. Canton. A narrow gorge'or valley. (Mexican and U. S. American.) 

Capillabt. Mostly used to express that irregularly crooked and fibrous form 
of native metals ; appearing somewhat like tbe filigree work of jewellers. 

Cap-book. The uncertain upper rock that covers the older bed-rock. 

Capstan. A vertical axle, worked by men forcing against its horizontal arms, 
for heavy hoisting and lowering. 

Captain. The Cornish name for American "Boss." 

Cab. a wheeled wagon for conveying rocks, dirt, ashes, slag, Ac, upon 
rails. (Cornish, tram wagon.) 

Cabbon, Symbol C. Atomic weight 6. See Graphite, and page 227 and 245. 

Cabbona. An expressive word in some Carbons Mines of West Cornwall, for 
a rich pocket of mineral in the country rook, as connected with the lode 
by a mere thread of mineral. A bed-rock bonanza. See pages 96 and 97. 

Cabbonatb. Carbonic acid combined with a base, as carbonate of lead. 
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Cabbonatk of Soda. Garbonio add and oxide of sodinm ohemically com- 
bined. 

Cabbonio acid. Symbol G 0'. Atomic weight 22. 

CABBONiFEsons. Gabboiufeboxtb slate obbhalb. Gontaining a little carbon. 
Indicative of underlying coal seams. 

Oaboa. Gaboo. The Mexican miners' measare of weight for ore broken on 
contract (300 lbs.). An animal's load. 

Cabpenteb's Shop. A snitable house for the workers on wood. 

Cabtbidoe. a metallic or paper, cylindrical shell, for containing powder; 
made jnst the size of hole, as drilled for blasting. 

Catabaok. a kind of water clock used for varying and regulating the, between 
stroke, time of the Gomish pumping engine. See Second Volume. 

Gatch-pit. a reservoir for saving tailings from reduction works. 

Caunteb-lode. a vein ranning obliquely across the regular veins of the dis- 
trict. 

Caved. When the rock of a level or tunnel crushes together. 

CEixuitAB. When a stone of mineral has many small cavities. 

GEMTioBAifMB. The one-hundredth of a gram. 

CENTBiPuoAii-FOBCE. Flying off from the centre, is the force as developed in 
practice; but it is really caused by each atom endeavoring to keep in a 
straight tangential line, during the revolution of the body. 

Osntbipetaij-fobge. Drawing towards the centre. 

Gebtdpicate. The paper issued by a Secretary and signed by the President 
or Trustees, for the number of shares of stock. In U. S. America these 
shares are then simply passed from the nameless seller, to the broker and 
buyer like bank notes, but in England it is only a receipt. See Transfer. 

Chain. Many iron links so connected as to form a long string or piece for 
hoisting from great depths. An iron or brass linked measure used by 
surveyors. Its length is 66 feet and usually divided into 100 links. 

Chamois-i<eatheb. Untanned or raw and soft buckskin, used for straining 
mercury. Sec. 

GHANoiNa-HonsK. For miners changing their clothing. 

Ghapabejos. a. front covering for the pants with belt and pockets made of 
calf, goat, llama or sealskin. Very useful for screening the legs from 
rough brushwood. 

Ghabcoal. Wood partially burnt to carbon, in a stifled slow fire; much used 
in furnace smelting and blow-pipe assaying. 

Ghabcoait-bobeb. a short piece of quarter inch square bar, having a sharp 
cross-shaped cutter at one end. Used in making blow-pipe assays. 

Ghatotant. a changing, cats-eyelike, play of light; as precious opal. 

Ghisbl. a sharp instrument for cutting wood, rock, or metal, when held in 
the hand and struck with the hammer. 
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fJjmmPA (Spanish). For a distinot metallio partiole; as a nugget. 

Chlobidi. Ohlorine ohemioaU j nnited with some base ; as chloride of so^mn, 
or common salt. 

GBix>BiMa-OAB. A pungent gas that nnites with cold water, and then dissolTeB 
gold* The hot gas has no affinity for gold. Symbol CI. Atomic weight 
35.5. 

CaXiOBiDm. CHLoaniATB. CniiOBiKzzB. To cause ohlorine to unite with a 
baee, as in the hot flre-chloridizing of siWer and the chlozinizing of gold 
by cold chlorine water. Chlorinixe and chloridize haye been used in this 
book, as they are more chemically correct than chlorinate of the presest 
dictionaries, because there is no oxygen in the compound to require the 
termination of aie. Oxygen has been changed to oxidize, and although 
chlorine and chloride are already suitable for the correct suffix, chlorin- 
ate hns been erroneously created. 

Choxxdamp. Carbonic add gas, which extinguishes a candle and suffocates 
men. 

Cbbomats. Chromic acid with a base. 

Cbutb. Sboot. Shutb. A wood or metal pipe, or a hole in the country 
rock or yeln, for passing down rock and debris to a plat or immediately 
into couTenient cars. These words have been also used when speaking 
of the positions of mineralized portions or sections of veins; but they 
are sadly deficient for the triple meaning which should be conveyed. 
The English language fails to express the idea by any single word. I 
' think range of ore would be much closer to the real thought. 

Cinch. Czncha. A word in very common use amongst horsemen and 
packers, and used as substantive and verb; as the cinch (or tightening 
strap) of my saddle is loose. Ton should cinch your mule tighter for 
this rolling country. 

Olack-doob. a convenient door which may be readily unscrewed and taken 
off for fixing or examining valve. 

Clack sxAT doob-swing. A chain for swinging doors. 

Clack-sbat pirob. The cast iron receptacle for seat and valve. 

Clack-valvb. a valve moving from a leather or iron side hinge centre, some- 
what like the clack of a bellows. See several kinds in Yolume II. 

Clacx-vaijVB sbat. The seating ring for making the water-tight joint under 

valve. 
Clasp. A snugly fitting ferrule for firmly connecting, enclosing, clasping 

and securing two pump rods together as one. 

Clasp and pin, bod-joint. Slightly overlapping fiat rods secured by a snugly 
enclosing lengthwise ferrule and a riveted or screwed cross pin. 

Clasp and step, bodjoint. When the rods clutch in cross steps and are then 
hugged together by the external ferrule. 

C1.A8P AND TONQUB, BOD-JOINT. When the tongue or key of one rod lies in 
a corresponding recess of the other, and both are then firmly kept together 
by external ferrule. 
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r*AHT> AND WEDOB, ROB-JOINT. When reversed wedges are held together by a 
stsrong external clasp. 

Chiefly composed of alumina, in a moist and putty-like, or dry pulver- 
ulent condition. 

oouBSB. Mostly applied to an accompanying clay seam or '* gouge " by 
tlie side of a vein. 

^i^EATVAQS, The planes at which cleavable stones break. Degrees of cleavage, 
&8 perfect or imperfect, easy or difficult. 

^ijixir. A blacksmith's chisel, &c. 

3i^i7S. DoGTOB AND Club. A generally favored institution of the mines of 
Oomwall for mutual assistance in cases of accident to life or limb, where 
one shilling per month is deducted from every man for such accidental 
parposes of aid, doctor and burial. A most provident and necessary 
practice which should be adopted in all mining regions. 

Ooaij. An important, natural stone, fuel. See page 220. 

CosaijT. a magnetic metal. Symbol, Co. Atomic weight, 29.5. 

CossiNG-HAMMEB. A short-haudlcd, double-ended and long hammer, for 
breaking rocks to sizes. 

CosssENT. Firmly held together, not friable. A brittle mineral may be 
strongly coherent to a steady strain. 

Coa-WHBBii. A wheel having teeth for working into another wheel. 

Coin. Coinage. Metallic money. The weighing, shaping and stamping of 
the standard metals. 

Coxii. Genuine coals partially burnt in close vessels. The fuel used for 
strong, enduring heats, as smelting iron in foundries, assaying, smelting 
ores, &c. • 

: Coi^iiAB. The first, or the surface wooden frame of a shaft. 

CoiiiTMNAB. CoLUMNAB GONCBETioNs. Crystallizing in columns, as basaltic 
lava, some of the iron ores, &c. 

Combined. Combination. United by chemical affinity into known .fixed 
ratios and not in mechanical chance or irregular quantities. 

Compact. When a stone is all alike and not cleavable. 

[ Compass. A two-legged sharp-pointed tool for scratching or drawing circles. 
See also Pocket compass. 

' CoNOBNTBio. CoNCENTBic liAMEixAB. Having been formed by distinctly visi- 
ble circular layers, or laminations from a centre. 

; CoNGHoiDAii. Fracturing to irregularly shaped surfaces like flint, &c., with- 
out any sign of plane cleavage. 

CoNCBETioN. Cemented aggregation of one or more kinds around a centre or 
central nucleus. 

' Conduit. A covered water way. 

' Conduit- HOLE. A flat hole, drilled for blasting up a thin piece, in the bottom 
of a level. 

28 
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Ooiioi/>MBUTB. Podding-itone. A ooncration or oementation of rocks, 
pebblM and sand. 

GoMiiu'Uiioir. OoHRXTunoKAXi voBK. Certain ratios of ohemioally eombined 
element!, and thai differing from mechanical chance. See "Symbol/' 
"Atomic weight," and "EqniTalent nnmbers." 

GoHTAOT-LODB. A Tcin lying between two differently constituted rocks, as 
granite and slate, A;o. I haye sabstitnted the name of Intervening-lode in 
this book as a better and more easily nnderstood expression. 

C!opPBB. A red metal. Symbol, Gn. Atomic weight, 32. 

OoBD. GoBD-wooD. Wood stsckcd jnst 4 feet wide, 4 feet high and 8 feet 
long, which wiU equal a " cord " of 128 feet. 

Cost-book ststem. The leading system nsed for Cornish mining; where all 
expenditures, liabilities and receipts must be' promptly entered into the 
" cost-book " and then left open and ** above board " for even the smallest 
stockholder; as any one is liable for cUl debts and must have fair play. 

CoUNTKB. An apparatus for counting or recording the number of strokes 
made by the Cornish pamping engine. See " Duty." 

Cbadlb-bockbb. A box somewhat similar to a child's cradle, wherein the 
gravel is first placed upon a hollow perforated pillow and rocked with 
water, when the gold is retained near the head after the large rocks are 
first washed clean and thrown out whilst the dirt passes away in the water. 

Cbxbbino. The thin timber lining outside the sets of a shaft. Taking rich 
stones from other men's ore. 

Cboppinos. Portions of a vein as seen exposed above ground. 

Cboss-ooubsb. a vein lying across the regular veins of a district, and gener- 
ally poor within itself. 

Cboss-cut-saw. a peculiarly shaped^, widely set, and equally angled, coarse 
toothed saw; for cutting forward and backward, across logs of timber. 

CBOss-opr. Cboss-cut-tunnel. A level driven across the veins or regular 
workings. 

Cboust. a very important item in the Cornish miner's operations, as it is 
his lunch. Sounded crowstf derived from crust, and it unfortunately has, 
almost invariably, much more crast than meat. 

Cbow BA.B. A strong iron bar with a slightjy curved and flattened end; used 
for levering out stones, moving heavy weipihts, &c. 

Cbowm-whbbl. The large wheel in a system of cog-wheels, bat more appro- 
priately so, when it is a bevel wheel. 

Cbuoeblb. a small barrel sided vessel used for assaying, composed of clay, 
plumbago or iron. See page 373. 

Cbttppeb. a band passed under the tail of an animal and attached to the 
saddle or pack-saddle to prevent its slipping forward. 

CuiiM. A kind of anthracite coal, used in smelting oxide of tin, &c. 

Cupel. A moulded cup of bone-ash for cupelling or purifying gold and sil- 
ver, by oxidation of the base metals. 
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Gi7PSi>MOT7iiD. A cylinder of metal for holding th^ moistened bone-ash when 
it is being stamped or oompressed to shape by the suitably formed pestle. 

CiTPEii SPBINO-GBIP. A Spring holder for moving onpeid into, or frbm, the 
mnffle. See Phillips's general purpose spriDg-cUp on the the left side of 
furnace, page 283. 

Gttpbii-tongs. a light and long, U-shaped, tongs; for handling cupels. 

GuPBiFBBOTTs. Having or containing coppe^. 

Cut. Open-cut. To strike or reach a yein, Jms. To take up a cut, as in 
cutting out for a foundation of walls in a side-hill, or for excavating the 
open cut of a railway. 

CwT. Abbreviation for the English hundred weight of 112 lbs. 

Dao. The Cornish name for a heavy, single or double handed hatchet; much 
used by skilled miners in cutting timber. A fuuny story has been told of 
a Cornish captain insulting a military gentleman, who desired him to 
name weapons for mortal combat in a duel, when he promptly replied 
that he had no wish to fight, but if he must do so, *' Dags " should be 
the weapons! This was too ridiculous for red coat, and no purple blood 
was shed. 

Dam. An embankment for stopping back or pooling up the water of i^ river. 
Subterraneous dams are made of stone or wood in a wedge form, so that 
the coming, or back pressure, may keep it perfectly secure and tight. 
See also wing-dam. 

Dampbb. a gliding door of iron for regulating the draught to steam engine 
and other furnaces. An Australian camp-bread, hastily baked by being 
placed within hot ashes. 

Debbis. Fragments from any kind of disintegration. 

Decigbamme. Decigbam. The one-tenth of a gram. 

Decomposed. That which has undergone artificial or natural change; as the 
desulphurization and oxidation of the sulphuret of iron, &c. 

Decomposing. Any substance now undergoing some chemical change. 

Dbcbepitate. To burst, with crackling sounds, into many pieces. 

Deed. Lease. The landlord's grant to Cornish miners, which generally 
extends to 21 years, for one-eighteenth of the lotai mineral proceeds. 

Delinquent. Passed the advertised legal time for payment of assessments. 

DENDBino. Abbobesoent. Shaped, or crystallized, like trees. 

Denudation. Mountains and hills laid bare to the bed-rock by wind, water, 
snow or glacial action. 

Deposit. • What has been in some way dropped into position; as heavy depdb- 
its of gravel, sand, mud, coal, &o. 

Dbbbiok. An elevated appliance of pulleys or power for hoisting various 
heavy things. 

Detbttus. Finely powdered deposits worn from hard substances and dis- 
tributed over large areas, by some unusually powerful or long continued 
action. 
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Dbut. The same as fii or Bin. The dent or doable oxide. 

Dial. A simpUfled theodolite more espeoiaUy devised for Cornish toiners' 
nndergronnd sarreying; as Phillips' Miners' Dial. 

Dn. The bottom iron block of a battery npon which the shoe or pestle 
strikes. ( Calif omian, 9ho^ and diea; Cornish, heads and grounds,) 

Dioonfos. GoLD-DiGOiNOS. Where gold and other metals or minerals are 
dog ODt. 

Dnx. A large zone of Tein*like formation, but composed of bed-rock or 
oonntry instead of matrix. 

DiLunuic. Deposits of pebbles, gravel, sand, clay, &o., as drifted to present 
position, in long past times, under ocean's wash. 

DmimoiULTSD. Separated by mechanical means ; not chemically decomposed. 

DisJoiMTBD. Broken rock, with nnmerons joints and facets. 

DiBiOTOBS. Tbusrbs. English director; American trustee; elected by share- 
holders as a managing committee of, generally, five. Also, for showing 
the public the degree of respectability. 

DissBMiNATBD. Lying variously therein; as equally or unequally dissemina- 
ted, &c. 
DisTBioT. Any mineral-bearing area subject to one recording office. 
Ditch. An excavated narrow channel for carrying water. 
DrvKBGiNO. DivsBOBNT. Lincs or crystals diverging from a centre. 
Divide. The top of the ridge, hill or mountain ; where rain water is sep^brated. 

DmDBNDS. The profits given. Dividends infatuate more than assessments 
deter. 

DrviNiNa BOD (Cornish, Dowsino bod). A small and forked hazel twig, which 
when loosely held in the hands, is erroneously supposed to bend down- 
wards when passing over a vein of mineral. See Dowsing rod. 

DoLKS. Small piles of assorted or concentrated ore. 

DopB. A slippery paste used by expert snow-shoe travellers for rubbing un- 
der the long snow-shoe keel-runner so as to increase speed. 

Dovx-TAiL JOINT. Mortised by dove-tail or reverse wedge-shaped ends, closely 
fitted into corresponding recesses or holes. 

DowBiNa BOD. A folly of past ages, exploded by modem science; see the 

Divining rod. 
Dbag. Dbuo. A retarding appliance or brake, or something drawn behind 

for this purpose, when descending hills. 
Dbut. A tunnel cut throngh the rock. Accumulations of debris, dnfted by 

wind or water. ^ 

Dbaw-bbidgb. a bridge that may be withdrawn from a river or ditch so as 
to stop passage at pleasure. 

Dbawino-knifb. a long knife with a shank at each end, so bent and handled 
like the limbs of an T, that the cutting edge may be usf d with great force 
f^nd speed for roughly trimming and shaping wood. 
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DsAWiMo-LifT. A pump that receives its water by snotion and which will not 
force it above its head. 

Draught pttmp. A saotion pump. See Drawing-lift. 

Dbbssino-floobs. Especially graded plats for assorting and receiving ores. 

I>ST. A suitable house for drying miners' clothes by fire. See Yolnme II. 

I>ST-AMALOAMATioM. Treating ores with hot and dry mercury, instead of in 
water as by the usual way. 

OsuBY. A mineral covered with small crystals. 

Dues. The percentage or ratio the landlord receives. 

Dump. The pile of refuse rock as discharged from shaft or tunnel (Cornish 
burrow). 

Duty. The officially reported *' duty," or work done by Cornish engines, as 
told by the Official Beporter and ** CourUer," which see. 

Sabtht. Like earth or soil, in appearance of fracture and powder. 

iEiiAsno. Springy. Bending and springing back; see Mica, page 241. 

BiiECTBio BLAST. lustantaueously blasting one or more holes by the electric 
spark as passed into the powder by wires. See the suggestion as given 
in 1st Edition, Vol. II under Deep Mining, which has been recently used. 

Elvan (Cornish). Elvan course or dike. A fine-grained feldspathic reck of 
blue, green, or yellow color; said to be beneficial to copper veins, at and 
near such intersections. 

EiiBow-piEOB. A piece of any pipe or material angled like the elbow. 

Elbow-pipe. A pipe bent like an elbow for turning the direction. 

Emabginated. When crystals have the edges of their primary forms cham- 
fered away or truncated by another face. 

Emsbge. To arise out from. 

Engine-pool. A reservoir of water for supplying the engine. 

Engine shag. A coarse cloth, similar to baize, used by miners for lapping 
rings to intervene screw-tightened flanches and secure water-tight joints. 

Equivalent-numbebs. Atomic weights. The comparative weight^of the 
different elements, as used in calculating the proportionate results from 
chemical analysis. 

Eba. Epoch. A period of geological time, &c. 

Ebect. To place buildings or machinery in position. 

^Ebode. Eboding. Ebosion. Scoop, scooping, scooped; as the persistent 
rains have gjreatly assisted in eroding or scooping out the valleys. 

Faces. * Facets. Large and small faces, planes, joints or seams; as seen in 
the most interesting, mineral yielding, bed-rocks. 

Fasciculated. In bundles of fibrous, needle-like, crystals. 

Fault. A cut-off and shift of the vein or seam. 

Feeoeb. a splice of quartz lying in country but connected with the lode at 
the bottom end. 
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FxsD-PuiiP. A small pomp for forcing in the water to steam boilers. 

FsND-orv. A sort of beU-oraA.k le^er for tnrxang a pomp rod past the angle 
in a orooked shaft. 

FsBBUGZNous. Irony, iron oxide, rasty stains. 

Fnaous. Having the appearance of being composed of more or less com- 
pact fibres, as the silk-like asbestos, petrified wood, &c. 

FujvoaM. FiLAMXNTAL. Thread-like. 

Fun). Stbxkc. To find, or having found a" valuable vein or deposit. To 
strike it rich. 

FiBX-iuJis. The iron bars upon which the fire lies. 

Fxss-BBZOx. A heat-resisting brick, made from aluminous. clay, graphite, &c. 

Fiai-DAICP. The carburetted hydrogen, explosive gas, of coal mines. 

FiBX-WHUC. The Cornish name for the steam hoisting engine. 

FissuBB. An extensive crack or chasm in somewhat regular plane of £rac- 
ure, as a *' true fissure vein.*' 

Flap-jacks. Hasty made and most unhealthy bread as baked in a frying pan 
before the fire, just for the ridiculously rough meal of poor prospectors. 

Flax-bod. A horizontal rod for conveying and using power at a distance. 

Flbxiblb. Bending freely without fracture, but not elastic. 

Float-stones. Shoao-stonxs. Mineralized stones lying upon the surface over 
or near veins and deposits, which sometimes direct the prospector to 
valuable mines. 

Fluatb. Fluoric acid in combination with a base. 

Fluooan. Pbzan. Fine clay; as permeates through, and lodges in» the 

joints of veins. A supposed good indication for value. 

Fluhb. Bbd-bock flume, &o. Terms much used in "Gravel Mining." A 
long artificially made river having either a bottom of wood (endwise), 
iron (lengthwise), or stone; and descending not less than six inches in 
twelve feet. These bottoms are occasionally cleaned up for the gold thus 
ii^ntionally caught in the interstices, during the passage of the water 
witn rocks and gravel. 

Fluvial. Fluvlltilb. Formations of, and deposits from, rivers. 

Flux. Any substance that is favorable to fusion, oxidation, or reduction 
by fire. 

Foliated. Lamellab. Leaf-like or book-like in form; which can be cleaved. 

FoBOE-PUMP. Any close pump that forces water above its valves, as the Cor- 
nish ** plunger pump." 

FoBOE. A blacksmith's fire place and stand. 

FoBK. QoiNO IN POBK. A deep receptacle in the rock so that a pump may 
extract the bottom or drainage water. A pump is " going in fork " when 
the water is so low that it sucks air through the ''Brass holes, " which see. 

"^-sBiL. Organic remains changed into stone; as a fossil of animal or plant. 
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Fox-W£i>oB. A wedge with its point outwards, so that it will tighten into the 
end of a bar of wood or metal as the latter is driyeu inwards into the 
same hole. 

Fbactube. Applied' to qualify broken surfaces of minerals, as tabular, con- 
choidal, earthy, even or uneven fracture. 

Fbams-ooncentbatob. An oblong frame of slight declivity, swung length- 
wise on central trunnions, for occasional tipping as required. Much 
used in Cornwall for dressing or concentrating the oxide of tin by water. 

Fbanoeble. Easily broken; brittle; not tough. 

Frtabt.w. Any mineral of slight coherence, or which can be easily broken, 
and also when speaking of the fact of such rock being found in a friable 
state or condition. 

FuNoiFOBM. Having the form and appearance of organic funguses. Like 
mushrooms. 

FusNAGE. A suitable fire-place for smelting, roasting, chloridizing, assaying, 
&o. See page 283, and Section Y, Volume II. 

Fusibility. The more or less difficult melting of minerals; as partially or 
entirely fusible. Slightly fused on edges. Infusible, &c. 

Gad. a small wedge of thu sia^e and shape of the point-end half of a pick, 
used for driving into cracks when loosening jointy ground. 

Ganous. Waste. All the kinds of enclosing waste rock. The matrices of 
quartz, &o., are also gangues, but gangues may not all be matrices. 

Gas. Any air-like elastic vapor; as coal gas or carburetted hydrogen. , 

Gabsut. a closely interwoven white yarn rope, as made either oval, round or 
, square, as best suited for packing steam pistons, water pumps, &c. 

Gauqe. Any instrument for measuring quality or quantity of solids, liquids 
or gases; as, ** Phillips's copper ore standard gauge," &c. 

Gebman-key. a long iron rod with a transverse and spirally crooked end, 
used for fishing up a bucket prong when the bucket rod is broken. 

GiMBLET. A small screw-pointed tool, fixed in a cross handle of wood, for 
boring holes in timber. ^ 

GntAFFE. A mechanical apparatus for receiving and tipping a car full of ore 
or waste rock, when it aiTives at the surface. 

Glance. Sometimes applied to glancing or shining materials; as copper 
glance, lead glance, &c. 

Gland. The upper part of a stuffing-box, as movable by screws. 

Globulab GONOBBnoNS. Minerals occurring in small rounded forms. 

Glue. GLTTnNons. An adhesive liquid for joining wood, &c. A glutinous 

or sticky liquid or substance. 
Gold. A yellow metal. Symbol, An. Atomic weight, 199. 
Goobe-negk-pipb. a pipe for discharging water, &o., of goose-neck shape. 
Goe»AN. Friable ferruginous quartz. Very rusty and finely broken quartz, 

which is thought one of the best indicators for mineral in deeper sections 

of the vein. (Cornish.) 



\ 
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QoiTOB. A oarpentor'B ohisel of semi-mrcalar shape. A soft olay seam beaicle 
a yeio, cross coarse, or slide, and so called becaase it can be gouged or 
scooped oat. 

OaaiocB. Qbam. Eqoal to 15.433 grains troy or aToirdnpois. 

QsANULAB. When minerals expose small grains across the face of fracture. 

Obapkitb. Mineral carbon. See Alphabetical Chapter, page 227. 

Grass. The sorface of the groand; as my comrade has gone to "grass," or 
to the surface. (Cornish.) 

Gbmabt. Unotuoits. Slippery and otherwise of grease-like appearance. 

Obkbn-stcmx. a green colored granular stone, a kind of trap, composed of 
hornblende and feldspar. 

Obiddls. a coarse sieve used in jigging ores, sifting clay for mortar, &c. 

Gbimdxno-stomb. a cheese shaped fretting stone, turned by a crank handle 
for sharpening the heavier edged tools. 

Gbound. Coumtbt. Bbd-bogk. As we are working on ground, &c., not in 
the yein. The rock in which veins are enclosed. 

GBomms. Dibs. Bonoics. The beating bed irons under the pestles in the 
mortars of batteries. (First and last Cornish.) 

Gbound-sluiob. a long box, with suitable chiuks for retaining the gold, as 
used by gravel miners for washing away large quantities of auriferous 
debris. 

Gbowan. Mabl. The Cornish name for a soft and decomposed ferruginous 
feldspathic granite 

GunoBON. The heavy central axis of levers, beams, &o. 

GuTTEB. GuTTKB-WAT. A Small gToove or water-draining channel. 

Gut. Guy-bod. A stay, of rope or chain, rod or wood. 

Hadb. Dip. Undkblie. The angle of the diflfereuce of the plane of a vein, 
from horizontal or vertical. The Americans take the angle from the hor- 
izontal, the Cornish from the vertical. 

Haltzb. a leather or rope passed over the head and around the nose of an 
aiftnal, so that it may be secured to anything when not travelling. 

Halvans. Halyannebs. The first castaways of gangue with a little ore. 
The workers of such halvans for their minerals. 

Hamhbb. Small and large: the former is used with one hand and is well 
known, the latter is applied to the boring chisel in drilling holes for 
blasting, and is also called mallet by Cornishmen. See single and double 
hand drilling, Volume II. 

Hand-barbow. a wheel-less long box with handles each end, much used in 
Cornwall by the buxom Bal maidens for carrying ore to pile. 

Handle. Sledqe-handle. Hammeb-handle. Pick-handle. Shoyel-han- 
DLE» &o. The Cornish miners more frequently say, *' Hilt.*' 

Hand-saw. a common saw, as used by one hand. 

Hardness. Comparative hardness of minerals; of value in discrimination. 
See page 213. 
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JH^jlui*; Hauling. Hoist; Hoisting. Cornish and American expressions for 
the act of raising rock, &c., from the mines. 

Sa^^tseb. a strong and tightly twisted hempen rope. 

Hbadsb. a rock that heads off and delays progress. An upper piece of sup- 
porting timber. A blast hole at or above the head. 

Heays. The shifting sliding or throwing of a seam, vein or lead; up, down 
or sideways upon the smooth face of a cross course, &c. 

Hemp. The strong fibrous vegetable skin or bark, of which ropes are made. 

Hkxagonal. Six sided, like the naturally crystallized form of quartz. 

HujT. The name used by Cornish miners for handle; as pick hilt, shovel 
hilt, &c. See Handle. 

Hitches. Steps cut in the rock or vein for holding stay beams, bearers or 
sticks of timber, &c., for various purposes. 

HoBBiiR. A short span of cord, leather or iron, placed cross-wise on a horse's 
fore legs to prevent straying. 

Hod. a Y-shaped trough with a long handle, used for carrying brick, moitar* 
&c., to masons. 

HoisTiNG-ENGiNE. CoBNisH ' ' FiBE-WHiM. " A stcam powcr appliance for 
hoisting rock, &c., from mines. See Volume II. 

Holt. An appropriate and practical Cornish abbreviation for hold fast or 
stop where you are. 

Hone. Set-stone. A fretting stone for sharpening fine edge-tools. 

Hobn. a piece of bullock's horn about eight inches in length, cut boat shape, 
for miniature concentrations by water. Much used by mill-men for va- 
rious examinations of powdered rock, &c. 

HoBN-SADDLE. The Mexican saddle which rises in front to a horn, or neck 
and flat head, shape; for carrying conveniences, lashing, &o. 

Hobn-silveb. The common name for chloride of silver, because it has a 
horn-like surface. 

Hobse a long convexed sided poition of foreign rock completely enclosed 
in the quartz or other matrix of the vein. A real horse is always com- 
posed of a different kind of rock to both the enclosing vein and its im- 
mediately surrounding country. Also a mechanical support for anything. 

Hobse-whim. An appliance for hoisting rock from mines. See page 151. 

Hose. A strong flexible pipe, made of canvas, leather, rubber, &c., and used 
for the conveyance of water under pressure, to any particular point. 

House-lift. A pump for supplying steam engine boilers with water. 
Generally fixed to receive its water from the adit level, where all surplus 
water runs away. 

H-piece. An H-shaped Siamese-twin- pipe with four flanches and seats for 
receiving the upper and lower valves oi the Cornish plunger pump. 

HxTB. The central box or nave of a wheel., which loosely thimbles the axle 
and securely receives the diverging spokes. 
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HcKL. Wbaal. Meant simply mine in andent times, and is still used in 
Cornwall; as Wheal Towan, 3ui. See Bal. 

Huumf<MX)Ui^ss. A soft googing oonrse beside the vein. 

Hui«L. QoMS TO Hull. The somewhat sly slang phrase amongst Cornish 
miners for one who has stolen a bed-rock aUqt daring working hoars. 

HuBDT-ouBDT. A bnoket wheel that receives power from the percnssion of 
swiftly traTelUng water. 

Htdeant. a properly fixed, sorew-stopped pipe; from which water may be 
readily drawn at short notice. 

Htdbatbd. Any snbstanoe containing constitational water; as the hydrated 
oxide of iron; bamt lime being the reverse (or anhydroas) aiitil hydrated 
or slacked with water. 

Htjdbadlxgs. The scientific and practical facts collected by many enunent 
men, apon the varioos modes of power and effective force of water. 

Htdbaulioocmxmt. The mixture of lime, magnesia, alnmina and silica that 
solidifies beneath water. 

HTOBAULio-PUMPnia-KNOiNK. Water power pumping machine. See Phillips's 
(us erected at the Great Onslow Consols Mine, Cornwall), Yol. II. 

Htdbaulio mznino. The system of mining heavy banks of auriferoas grafrel 
by the penetrating and disintegrating force of small streams of quick 
travelling water, as first applied by Mr. Edward Mattison, in California. 
See page 61; also Hydraulic Nozzle. 

Hydiuulio-mozzlx. The discharging nozzle for water from under great press- 
are in pipes, meaning the whole apparatus for changing the direction by 
hand or by defiection of its own water power, as well as the discharge 
through nozzles varying from two to ten inches in diameter. 

Htdboohlosic aozd. Hydrogen and chlorine combined. 

Htdboobn. The lightest of all known gases. Oxide of hydrogen is oar com- 
mon drinking water. Hydrogen is also a metal. See foot note page 30. 

Htdbometbb. An instrument for ascertaining the densities or specific gravi- 
ties of liquids by the depth of fioatation, as read on its graduated column. 

Imbbddbd. Mineral pockets or veins, enclosed in rocks, are said to be im- 
bedded. 

Inolimation. Dip. Undbblie, Angle of incline; as the vein dips 48** from 
the horizontal line. Cornish miners take from the vertical. 

Inobdbtbd. When the surface is covered by some other deposit. 

Imtbblagimq. When threads or ribbons of one mineral eross those of another, 
and run hither and thither throughout.the stone. 

Intxbstbatzfibd. Lying between other stratifications; as a layer of green- 
stone between otiier layers of slate, &c. 

Intbbvbmzno-loob. The name I would substitute for Contact-lode; which see. 

Ibidbscbht. Applies to the variegated and gay colors upon the surface of 
minerals, as the peacock ores of copper, &c. 
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XifcON. A magnetic metal. Symbol, Fe. Atomic weight, 27. 

IsoK PYsiTEET. See Alphabetical Chapter, page 233. 

IsoiiATBD. Separated from; as the primitive rock occasionally emerges in 
distant isolated, patches, &c. 

IsoMOBPHisM. Similarity of crystallized forms, sometimes from the fact of 
having filled the vacated cavities of other minerals. 

JxACoiiiTMiTE. Quartz in which mica has been variously imbedded. See 
page 235. 

JjkOSBT. An extra, surface, covering; as a steam jacket for the prevention 
of radiation. * 

J^cK-ENiFS. A large, pocket, clasp-knife. 

J^cK-PLANE. A middle sized carpenters' plane for the rough shaping of boards. 

Jia. To hand jig ores in a coarse sieve, when placed in and out of water dur- 
ing short reciprocating vertical jigs and intermittent horizontal twistings, 
so as to bring the lighter portions to the surface for being then scraped 
off. See jigging machine in the Second Volume. 

JiGOiNG-MACHiNES. Machines worked by short and quick strokes so that per- 
forated plates or sieves may separate the better, coffee-berry sized, pieces 
^of 6re from the gangne, by intermittent motions of air or water. See 
Second Volume. 

Joints. Frequent fac&s, or joints of fracture, in country rock. Joints of 
steam and waler pipes. 

Jump. To take clandestine possession of another's claim. 

JuMPEB-nsiiiL. A long bar of iron, frequently having an enlarged knob 
weight in the middle, with one or two sharp drill shaped steel ends, and 
used by simply lifting and dropping, when drilling holes for blasting pur- 
poses. Much used by stone-cutters and surface miners. 

Junk. Short pieces of old and otherwise useless rope. 

KsEii-WKDQE. A long iron wedge for driving in over the top of a pick ''hilt," 
for securing greater firmness, when wrenching or levering out rocks. 

Keeve. Keevsb. a large wooden tub; used for the final concentration of tin 
oxide ore. 

Key. Feathesino Key. MiiiiiWBiGHTs* Key. An iron or steel bar of ex- 
actly suitable size and taper for filling the key-way, when driven, in axle 
and wheel, &c., for keying or securing tightly together. A feathering 
or millwrights' key is first firmly fixed in the shaft and then the wheel is 
either loosely or tightly slidden on and over it. 

£ky-ways. Suitably true and corresponding spaces in hole and on axle for 
receiving the key, which none but skilled workmen can properly cut out 
and correctly finish. 

£ey-wedoe. The last and most important wedge driven in the handle of a 
hammer, pick, &c., and in many important places of wooden frame work. 

EiBBLB. Cornish name for American bucket. It is, however, invariably 
made of iron plates riveted together, to a barrel shape; with a swing 
bow at top and a fixed half circular eye at bottom. 
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KiLooiUMMi. KzLOOBAM. One thonsaDd grams and eqnal to 2.67951 ponnds 
troy or 2.20486 lbs. avoirdnpoiB, or 15,442.42 grains troy and ayoiidnpoiB. 

Kmo-PosT. An upright post over the middle of a beam or lever, for support- 
ing strengthening bridles in donble-triangle shape. Also used for 
attaching a rod for connecting power with distant work. See " Queen- 
post.'* 

Err. Any workman's really necessary trayelling tools. 

KxTTiMa. A Cornish word for taking other men's ores, &c. 

Kkkb-pixci. Knsi-pipi. a turned piece or pipe. ~ Elbow piece or pipe. 
Also a strengthening piece near the foot. 

Kmooxsb. a surface lever striking on plates of iron, as moved by a line or 
chain extending sll the way down important shafts. When struck thrice 
it means hoist or "wind up;" if twice, lower or '*Streeke;" if say five 
times, stop engine; if six times, work engine, i&c, or as indefinitely 
arranged for all purposes, after the decimated numerica] manner of fire- 
engine bells. 

Kkooksb-lzmx. The signalling line or chain extending down the shaft. 

EjfuoxLB-JoiNT. Two pieces of machinery or rods, connected by cross holes 
and pin, and affording free side motion. 

Laodib. The Oomish ladder is always made with either round iron or%ak 
steps, key-wedged in holes of the side ranners; but the American has fiat 
wooden steps, simply nailed in front of the runners. 

Laddxb-staybs. The Cornish name for the steps of a ladder. See Ladder. 

Laddbb-wat. The particular shaft, or part of a shaft, for the ladders; which 
should be in the safest and least used working gangway. 

Lao. Lagoino. The thick flat boards driven over or outside the regular 
frame-timbers of shafts and levels, for more safely securing the ground. 

Lamb's-legs. Thin and narrow securing straps of iron, bolted around wood 
wearing pieces of pump rods, &c. Each piece has an eye or hole at one 
end and a screw at the other, so that one bolt serves as a gland for the 
other to connect the four into a square that can be mntually tightened 
by its own screws. 

Lambllab distimct oonobbtions. This means naturally separate crystals or 
plates. 

Lamina. Laminjs. Lamelufobm. Having an appearance of thin sheets, 
not naturally separate, but which may be forced apart. 

Land. Grazing, agricultural or garden property; for which compensation 
must be paid to the landlord when it is destroyed. ' 

Landeb The man who receives and lands or deposits the rock at the sur- 
face, from the hoisted bucket. 

Landeb's-obook. Landeb's-pinoebs. a hand crook or a double crook tongs, 
for upsetting the bucket of hoisted rock. 

Landlobd. The owner of the whole natural surface and ground. 

Lantebn. a portable shell with glass or horn sides for carrying a candle 
with greater certainty. 
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LfABiAT. A losg cord of raw hide, leather or thong, with a loop at one end; 
w^liich is thrown with astonishing precision by expert cattle herders and 
Mexican horsemen, when catching animals. See Lasso. 

Ijasso. Similar to Lariat. It requires an expert hero to lasso a grizzly bear. 

Latebaij. From the side; as lateral or side pressure has under my theory, 
crumpled, crushed and metamorphosed the mountainous regions. See 
Chapters I, II, III, &o, 

LiAVA. The igneous rock that has been melted and forced up through volca- 
noes or vast fissures. See new theory of volcanic force, sixth heading, 
page 68. 

Lbs. An abbreviation for avoirdupois pound; as 112 lbs. « an English hun- 
dred weight. 

Leat. a small water ditch, as a mill-leat. 

Leach. Leaching-pbocess. Comn^on names for lixiviation. See Lixiviating 
processes of the old masters in metallurgy, under Chemical Reductions, 
Volume II. 

Lead. A ductile metal. Symbol, Pb. Atomic weight, 104. 

Lead Ain> Ledob (American), Reef (Australian), Lode ob Veii^ (English. 
An ancient fissure now filled with mineral matter. 

Lease. The long grant, of generally 21 years, from landlords to Cornish 
miners. 

Leooins. Leather or rubber covers for the lower part of the leg-, from foot 
to knee. 

Level. A hole driven in the rock or vein for exploring or working purposes. 

License. Take-note. Gbant. The first grant of twelve mouths, as given 
to English miners hj the landlord, for the purposes of examination and 
formation of working company; it promises a long lease, if desired 
within the year, other conditions being favorable. 

Limb. Branch. Spub. An offsetting splinter from the main trunk of a vein. 

Lihe. a metallic oxide, earth. Symbol, Ca O. Atomic weight, 28. 

Ldibstone. Carbonate of lime. Generally blue or gray, sometimes rusty 
yellow. See page 237. 

LmrrED-LiABHiiTY. An English law for pro rata protection of stockholders, 

where the prospectus ^l^tes the extent of future liability. Differing from 

the '' Cost Book " system, which see. 
LiMiifQ. Linino-timbeb. To line out work. The plank lining against frame 

* sets. 
LiTTLB Giant. The name given to a favorite and effective ** Hydraulic Koz- 

zle " for gravel disintegration. See Volume II. 
Little- WoNDEB — SBU-CAijCUiiATiNO Sample and Button Weioheb. See 
^ Phillips's at page 202. 
LixivuTiNG. The operations for the extraction of soluble substances by 

water after certain changes produced by roasting, &c. See the processes 

of the old masters of metallurgy. Volume II. 
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JjooATsam. The pnttiiig up oolumns to bound a dUim npon a Tern. The site 
of a mineral daim, Ao. 

Lovo-Toic. A long wooden eloioe for washing anriferons gravel to extract its 
gold. Bee SeooDd Yolnme. 

Look. Ldt-look. A short basin in a river or oanal, with gates at each end, 
for raising or lowering barges, fto. 

LooK-wsiB. A oonvenient dam, Ac, at the head of a look to let water down 
throngh appropriate gates. 

LoAD-BTom. LoDK-sTova. The first is magnetio iron ore, so naturally 
charged or loaded with magnetism, that it is not only magnetic, bnt swings 
north and sonth, haying primitiye and negatiye poles, of its own. The 
second simply means lode-stone or stone from veins and not country rock. 

LoDB. Lbdos. Bxev. Ybin. Lode is the Oomish name for a mineral 
▼ein. See Lead and Ledge. 

Loan. The proprietor of the surface and its nndergronnd minerals (English). 

Loan's-nuBs. A certain portion of the whole mineral's proceeds as agreed 
upon under the terms of the lease; generally one-eighteenth. 

Low-oBADB. Low-QBADB BOOK. Not rich in mineral. Unpi^fitable. 

LuMBKB. Timber cut to yarions sizes and shapes, for carpenter's purpo^s. 
(U. S. American, Canadian and British Columbian). 

LuTx. LxTTED. LxmNG. An adhesive clay, for resisting the action of fire; 
and used either to protect any iron yessel from too strong heat or for se- 
curing air or gas tight joints, in similar manner to engineers' flanch joints. 

Maohba. a leather coyering that slips loosely oyer the saddle and down the 
sides of the animal. 

Magnesia. A metallic oxide, earth. Symbol. Mg O. Atomic weight, 21. 

Magnesictm. a metal of difficult reduction. Symbol, Mg. Atomic weight, 13. 

Magnbt. Hobsb-shob Magnet. A bar of steel magnetized. 

Magnetic Anything that turns towards the pole or is attracted to a mag- 
netized substance or attracts the needle of a magnetic compass; as cobalt, 
iron and nickel. * 

Mallbabilitt. Any metal that can be extended by drawing, hammering or 
rolling, without fracture. 

MALiiBT. The Cornish name for the double-hand hammer used for striking 
the borer in drilling holes for blasting. 

Man-engine. A machine to which one or two reciprocating rods are attached 
with their suitable stages, for raising and lowering miners in deep miives. 
See Volume II. 

Manganesixtm. a metal of difficult reduction. Symbol, Mn. Atomic 
weight, 28. 

MANHoiiB. An especial hole for just allowing a man to pass; as the man-hole 
of a steam boiler, or that in a ladder-stage, platform, &o. 

*'"' The lines of important objects, &c., as laid out upon paper for cou- 
nt reference. 
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Mabk. Thb iCABX. The agent's drill-hole or other mark on 'the side of a 
level, at the extent of the last gronnd excavated. It is a sad slor for any 
miner who has been known to move the ipark. 

Mabii. Gbowan. a soft decomposed rusty feldspathio rock. 

Mabun-spikb. a sharp-pointed and gradually tapered round iron, much 
used in splicing ropes. 

MA.SSIVB. Forming in mass, not crystallized. 

MATEBiAiiS. Such general goods as mines require. 

Matrix. Gangue means all the associated waste rocks, but matrix should 
only include such as also aided in formation. 

Mattb. The product of the first incomplete reduction of an ore; as "Cop- 
per matte," where the sulphur is but partially volatilized and furnace 
concentration was the sole object. 

Mattooe. a, double or single, flat-pointed pick; Cornish ** Biddix." 

Maul. Mall. A heavy wooden hammer, bound with strengtheniDg iron 
ferrules at the ends. 

MoAdamized. Boads made, after the fashion of MoAdam, with small stones, 
which, under the pressure of the wheels, gradually settle into a firm and 
compact road. 

Mbbourt. Quicksilveb. a fluid metal. Symbol, Hg. Atomic weight, 100. 
See Amalgamati(}n. * 

Mexican Saddle. A general purpose saddle, haying a flat topped horn in 
front for holding the bridle, picket rope, rifle strap, "cantenas, &c., with 
" anqueras'' apron and skin hangers in the rear, and fitted with buckskin 
strings for fastening saddle-bags, blankets, &c. Also, having protecting 
"bastos" beneath the saddle, "sudaderoes" down beside the stirrup 
leather, and ''tapaderoes" in front to screen the toes from brushwood. 
The best saddle possible for prospectors and stock men. 

Mica. The thin, fish-scale-like, elastic mineral of true granite. See pages 
21 and 227. 

Mill. Battery. Qetartz Mill. Stamps. The large pestles and mortars as 
worked by water or steam power for crushing and amalgamating ores. 
Properly speaking a mill has also grinding and amalgamating pans at- 
tached, but the others are complete without them. 

Mill. An underground reservoir of ore from which it may be let out by a 
lever-gate when required, to fill cars, &o. 

MUiLiGRAMME. MILLIGRAM. The onc-thousandth part of a gram. 

Miner. An underground workman, skilled in excavating rock, &c. 

Miners' Safety Lamp. A small lantern so enclosed with fine wire gauze that 
although the foul air may pass in and burn a warning, the flame will not 
pass through and cannot ignite the outside explosive gas of coal mines. 
Invented by the Cornish chemist and philosopher. Sir Humphrey Davy. 

Miners' Union. A provident society for mutual benefit and protection. 
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MxNiNO-SNoniBXB. A man haying more or less knowledge and ezperieiiee 
all of the many departments of mining. See Education of a Miomgl^ 
gineer, Chapter I, Volume II. 

MiNnio-eoHOOL. School or Minxs. An especial institution for teacbiz^ i- 
mdimental requirements for a Mining Engineer. The first Micii 
School in Cornwall was started and superintended by my brother, Jr- 
Phillips, about 40 years since, at the mining town of Tuckingmill. 
has more recently superintended the Government School of Mine^ i 
Ballaarat, South Australia. 

MniAaB. A deception caused by rarified air in lines of vision near the snrfa 
of extensive plains or flats; such as unreal water, trees, rooks, &c. 

MoLTBDENUM. A rare metal of difficult reduction. Symbol, Mo. AXotl 
weight, 48. 

MoBTAB. The vessel in which ore is put for being pulverized by festlr 
** head " or " shoe." As those of the large battery and the laboratorv. 

MoTHEB-LODX. The principal vein, amongst others, of any region; as tL* 
mother lode of Californian gold mines. 

Mould. An iron shell for casting metals into brick-shape. 

MoTLB. A drifting iron with sharp steel point for being driven into cleft* 
when levering o£f rocks. 

Muzvlb. The thin clay oven which is placed through an assaying inrnact 
for cupell^ gold and silver. See page 283. 

MuLLEB. The upper grinding iron or rubbing shoe of an amalgamstin: 
pan, &o. 

MnsTAHo. The native horse of Mexico and the Pacific States. A valuabl' 
animal, easily fed for great endurance. See page 124. 

Nail. A sharp-pointed small-headed metallic spike for securing timbers k 
proper positions when building wooden articles. 

Nativb-metal. When found in natural metallic *8tate; as platinum i< 
always found in native metallic condition. The native gold of Califo: 
nia; the native copper of Lake Superior, &c. 

Nickel. A magnetic, white metal. Symbol, Ni. Atomic weight, 29.5. 

Nip. Habd-nip. Nipping Chain. To squeeze and retain. In a tight plact 
as the teamster said, when the short nip of the hill brought him to t 
dead stand. The act of holding the main rope of a winch by a short 
chain, whilst moving the rope across the barrel for another hoist, yihen 
lifting heavy weights. 

Nipple. Nipple-pibob. Nipple-pin. A projecting pin supported only at 
one end. A suitable piece with the nipple firmly riveted or screweii 
thereto. 

Nitbate. Nitric- acid chemically united with a base, &c. 

Nitbogen. a gas. Symbol, N. Atomic weight, 14. This gas and oxygen 

compose the air we breathe; but. with larger quantities of oxygen, nitron«» 

and nitric acids are formed. 
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FxTBiG AGiD. Nitrogen and oxygen. Symbol, when anhydrous, N O^. Atomic 
-weight, 54. It absorbs water from the air and eiven thus becomes hydrated 
to H O, N 05 (or H, N 0«) with an atomic weight of 63 (or 1 + 14 + 48 
= 63). See "Equivalent numbers." 

loDiTiiAB. BusTEBED Obb. Eidney Obe. When ores are of a blistered 
appearance or kidney shape, they are scientifically called ''nodular." 

Nozzle. The front nose-piece of a bellows or blast-pipe, to a furnace. 

^naoET. A lump of gold, or other native metal. Applied to any size above 
dnst. 

i^uooiEs. (Cornish.) Spirit Miners. An exploded superstition of the past; 
or the notion that spirits were encouraging them forward by making the 
sounds of miningf before breast. Now spoken in joke but still regarded 
as a good sign because produced by water droppings in vnghs or caverns. 

KuT. ^The outer, and corresponding, portion of a screw; as screw and tight- 
ening nut. 

Oakum. The tarry hemp as picked and spread from old junk rope. 

OHi CAN. OiLEB. A convenient conical vessel for oil, with a suitable handle 
and spout. One who attends to oiling the various parts of machinery. 

Ofake. Not clear. Not transparent. 

Obes. The marketable and useful portions of mineral veins. 

Oyeb-bubden. The covering incumbrance of rock, gravel, earth, &c., that 
must be removed, before really efifeotive work, can be performed. 

OwNEBs' ACCOUNT. See ''Account-day." Also, when working at per day, 
and not on any kind of contract. 

Oxide. The chenlical combination of oxygen with a base, &c. 

OxTGEX. Symbol, O. Atomic weight, 8. The gas that we extract from the 
air in breathing; and which also forms part of many acids, nearly half 
the weight of solid bed-rocks, and, when united with hydrogen, water. 
See " Hydrogen," and page 22. 

Fagk-anzmal. a beast of burthen; and necessarily much used in rough and 
mountainous, roadless countries; for packing provisions, minerals, &c. 

Faoe-saddle. An easily fitting pad with suitably light frame for attaching 
and securing the load. 

Pace-needle. A large needle with a slightly turned point for sewing the 
seams of packing sacks. 

Page-thbbad. a strong twine-like thread for sewing large sacks. 

Paleozoic. Belonging to the first rocks with fossils of animals and to the 
older divisions of geological time; which includes the Silurian, Devonian 
and Carboniferous ages. 

Palm. A piece of stout leather just filling the palm of the hand and secured 
by a loop to the thumb, with a flat indented plate for forcing the needle. 

Palm-needle. A straight triangular-shape needle used for sewing canvas. 
29 
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Pav. PsosraoioB's piir. To ppm out, or it {m^ ont well. A thin wroaght- 
iron pttn, 16 inohas aoroM the rim and 10 inches at the bottom; naed in 
testing for gold, by water. 

Pm-miATitnT. ICilled on the large Boale, bj being thoroughly stirred and 
ground in pans for seTeral hours with mercury, and then after amalgama- 
tion, settled, by slower motion, in still larger pans, with much more water. 
See many different pans at the end of Volume II. 

Piss. A oon?enient hole for throwing down 6te, or passage of men from one 
level to another. A mountain pass. 

Pabs-imto. When minerals blend from one into another without sudden per- 
ceptible change. As flint passing into calcedony, Ac. 

Pastt. a convenient and portable food much used by Oomish miners. Made 
by baking meat with potatoes, turnips or onions, well seasoned and neatly 
enclosed in a shell of pastry. A savory and substaotiai meal. « 

Pat-DAT. The appointed day for paying wages and small amounts. 

Pat-boll. A list of each man's amount for pay and receipt. 

Pimrr. The one-twelfth of an English shilling. Abbreviation or symbol, d. 

PsMTioi. A few pieces of timber laid lennie-rooMike over men's heads, to 
screen them from the hoisting bucket, faUiug rocks, &o,, when working 
in the bottom of the shaft or other dangerous places. 

PiB. FsB-oxiDS, Pbs-ohlobiz>b, &a. To the utmost possible degree. 

PxBTLX. A metal hand-rod for pounding minerals, &c.» to powder. 

PsTBB. PiTSBBD. Pbtbbino. Fail, failed, failing. As the ore vdll soon 
fail in No. 1 winze, has already failed in No. 2 rise, and the whole mine 
is rapidly failing. 

Pick. A double-handed sharp-pointed instrument, with a wooden cross han- 
dle, for digging or excavating. See " Poll-pick." 

PicxBB. A smaU sharp-pointed tool, for gouging beside the vein or between 
rocks, when held in the hand and struck with a hammer. 

PiGSBT-BOPB. The long small rope for holding an animal to a stake* in the 
ground or to a bush or tree, to limit his travel when feeding. 

PiNOEBs. liAMDiNO-pmoBBB. Scc '* Lauding-crook. 

Pinion whebl. The smaller of two, cog-wheels. 

Pipb-olat. An adhesive fine clay; much used by Oomish miners for candle- 
sticks as when it is just properly moistened it becomes sufficiently putty- 
like to not only surround and hold the candle, but it may be also used 
for sticking it upon the hat or against the rock, when walking or working. 

Piping. The expression used by hydraulic miners when undercutting and 
washing away banks of gravel, &c., before the water nozzle. 

Pit. The shaft and workings of a coal mine, are often so called. 

Puman. An underground mechaniccU miner; and a most important officer. 

I's HOUSE. A surface workshop for the Pitman's sole use. 
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PiTHAN. A narrow side seam of olay, whipb will but jast serve for a let-go 
daring blastiiig. (West Cornwall.) 

Pit-saw. See * * Whip-saw. * ' 

PiiAOEB-HiNiNa. Snrface mining for gold wh«re there is bnt little alloTial 
debris. 

Pi^ANX. PiiANE-suBFAOE. A true sheet surfaoe;^ as ioe in a pond, &c. 

PiiANB-TABLB. A Very useful and cheap instrument for surface surveying; it 
has sights and a graduated ruler that lines distances across the centre 
with a lead pencil,as the sights are taken; so that all objects may also be 
positioned by measurement and then laid down upon several successive 
papers, when placed on its own round table, and transferred or traced, at 
any convenient time,^upon the office map. 

PijAstio. Not set to solid condition. Free for motion. See Chapters I, II, 
III, &c., where it is suggested that immense lateral pressure has caused 
aud is still causing, plasticity, igneous action, metamorphism, &o, 

PiiAT. Tip-plat. A receptacle for rock, ore, &c., as especially excavated for 
the purpose. When cut just enough below a level or railway for the cars 
and barrows to tip their contents directly into the hoisting buckets or 
skips, it is called a Tip flat. 

PiiATiNUM. A grayish white metal, infusible <by ordinary means; insoluble 
in any single acid, but soluble by released chlorine in a mixture of nitric 
and hydrochloric acids. Symbol, Pt. Atomic weight, 99. 

PiATBAu. A plat or table of land, or rock formation. 

PuoATiON. Plying on, or folding of numerous layers; as the strata were 
much plicated in the exposed cutting. 

Plumose. Feather-like. 

Plumoeb-pole. PiiUNGBB-FUMP. The Cornish force-pump for deep mines; 
an important invention. See Volume II. 

Plungeb-pole stoceino. The pole or ram is a simple cylindrical shell, and 
after the wooden stock is caret ally sized dawn to fit snugly, it is driven 
in by a battering ram, and lastly wedged water-tight at the pole end, the 
other end forming the bottom piece for the pump-rod. 

Pneuhatio engine poweb. See '* Air-engine," and Volume II. 

Pogket-gompass. a small circular disk, graduated either into points or de- 
grees, with a magnetic needle swinging on a central sharp point, and en- 
closed in a suitably compact box. 

PoKEB. Used in many ways by the Engineer and Assayer in fire operations; 
and by miners, as a poker or picker, in digging out side freedom before 
blasting holes charged with powder. 

Poll-pick. A long pick-shaped point at one end and a short flat " poll," or 
hammer, :at the other end. 

Pool. A pool of watei. As an especial pool to pump from, for better con- 
venience below any level. 

PoppET-HBASB. Comish for derrick head or hoisting gear over a shaft. 
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PoBPHTBT. Compact feldspAT, spotted with differently colored crystals of 
feldspar. Feldspar is a silicate of potash and alumina; silicic acid 64.2, 
potaah 16.95, and alumina 18.4. See page 21. 

Potash. PoriaBA. Oxide of potaaeinm. One of the alkalies. 

PoTAflBiuic. A metal lighter than water, of difficult reduction and very free 
ozidalion, to alkaline reaction. Symbol, K. Atomic weight, 39. 

PoT-OBOUND. Such as will barely allow a level to be driven even with timber 
in advance. 

Ponvne. English money as abbreviated or symboled by £, as £, s., d. ; also 
pounds weight, by lbs. See <* Shilling," and ** Penny." 

PowDSB-HousB. A Small and safe round house for holding powder; generally 
built in some distant and secure spot. 

Pbbvbmtivb-bbacb OB STAT. A sidc diagonal rope, chain, or stick of timber, 
to prevent any erect object from falling. 

Pbian. a soft and soapy white clay; sometimes found within the joints and 
seams of quartz veins. A favorable sign for mineral. 

Pbill. An extraordinarily rich s^ne of ore. 

Pbhotivb-bock. The earliest formation; as granite. See page 21. 

Pboduob. The assay percent^e of an ore. See Standard and produce val- 
uation of copper, page 395. 

Pbono. The forked end of the bucket pump-rod for attachment to the trav- 
elling valve and seat. See Volume II. 

Pbospbot. PBOSPXonNO. A good or bad showing or prospect, after a suitable 
test. Exploring and examining with intention to locate. 

Pbot. Fboto. One equivalent of oxygen, or chlorine, &c., with a base; as 
the protoxide of copper, the protochloride of tin, &c. 

Pbotubkbance. a spur-like or warty projecting piece. 

Psxudomobphous. Not its true form. A pseudomorphous crystal has been 
formed, either by gradual substitution, or immediately filling a previously 
vacated cavity of anot^ier mineral's form of crystallization. 

Puddino-stonb. a cementation of mud and rounded gravel into rock; differ- 
ing somewhat from conglomerates which include all forms of debris. 

Puz<p. The, slightly wet, pulverized rock from a battery. 

PuiiVEBizx. To break or grind to powder. 

PuLVEBULXNT. In powdcrcd condition. When the particles of a mineral are 
small and cohere but slightly. , 

PuMP-BiNd. An iron flat ring, which, when lapped with tarred baize or " en- 
gine shag," secures the connecting joints of water columns. 

Pump-bod. Main pump-bod. The rod which connects the surface steam 

engine to the shaft pumps. The Oornish '* main rods " are all of wood 

and vary in size from six inches to 20 inches square, and from 40 feet to 

'upwards of 100 feet in length, and when attached by iron strapping plates 

''ey work to a depth of more than 2,000 feet. See Second Volume. 
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FiTPFY-ijiFr. A smaller pump than the main. 

Ptbombteb. An iQstmment for measnring high degrees of heat by an exter- 
nal scale and lever, connected to ani internal platinnm wire, that, by 
passing through the fire, expands and contracts according to the degree of 
heat. 

QiTABBT. An open cut or surface excavation; for obtaining building stone, 
roofing slate, &c. 

QuABTZ. SnjGA. Oxide of siliciom. See Alphabetical Chapter, page 249. 

QuABTzosE. Siliceous. Partially composed of quartz. 

Queen-post. The strengthening post beneath a *'bob," beam, or lever. 
Preferably used for attaching horizontal pumping rods. See "King- 
post," and Second Volume. 

QuQii.. See ** Bush," and ** Safety-fuze." 

Kadiated. Proceeding from a centre. Divergent crystals. 

Baff. The coarse ore after the first crushing by Cornish rolls. 

Baff-'WHBEl. a revolving wheel with side buckets for elevating the " raif," 
(as it falls from the end of the diagonally placed cylindrical sieve) for 
a repetition of crushing to finer condition. See Cornish crusher, Vol- 
ume II. 

Bails. Long iron bars forming a roadway for the wheels of cars or tram 
wagons. 

Base. Fine*bake. Fbamc-basb. Tin ]>sb8sino-bake. A small and plain, 
or toothed sheet, of iron; attached to a suitable handle, and used for 
moving and stirring fires, ores, &c. 

Bam. To butt against with power; as attained by pressure, or speed and mo- 
mentum. 

Bah-battebino. a long and heavy pole or bar hung to one or more pendu- 
lous rods, and swung against any object, for utility or destruution; as for 
the battering of doors, walls, &c., in ancient warfare, or for stocking a 
pole, &G, See " Plunger-pole stocking." 

Bam-hydbaulio. a slow travelling but immensely powerful ram fixed in a 
water-tight stuffing-box, and forced upward by a smaller pump under 
leverage. Its IJieoretical power is unlimited, being governed by the vast 
difference in area, &c., of the large and small rams. 

Banqe. Stogk-bange, &c. Bun or range of mountains. A natural run or 
range of country where animals may feed and fatten. See " Chute," &o., 
as regards its proposed use for '»' Bange of ore" in veins. 

Basp. a coarsely indented file for shaping wood, &c, 

Baw. Baw-samplb. Baw-obe. Not roasted or calcined. • 

Baw-hide. Undressed or natural hide. Not tanned. 

Beata. a long flexible rope mostly made of intimately woven raw-hide; as 
used for lariat or lasso. 

Beduoed. When a metal is, by some means, freed from its chemical asso- 
ciate, it is thereby reduced to metal. 
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Bbdvoixon. Any action or process that frees or extracts and separates metals 
from ores; as smelting, amalgamating, ko. See Vol. n. 

Rsxr. QvABiE-BSKF. Australian, for a gold-bearing lode. See " Iiead and 
ledge." 

BviiNXHO. The extraction of pnre gold and sUrer from the base metals. See 
Volnme II. 

BoBACTOBT. Stnbbom and difficult of rednotion to metallic or commercial 
form. 

Bbfusb. The waste or worthless rock. 

Bboulub. Th4 impure metallic button obtained in the Cornish copper assay, 
next before the last operation, of refining the button to purity. Some- 
times improperly applied for matte. 

BimroBX. In the shape of a kidney; as kidney iron ore, Ac. 

Bbpobt. a written professional statement from lianager, Superintendent, 
or Expert, after proper examination. 

BiBBBTX. Mineral already opened up by shafts, winzes, or levels; which may 
be broken, at short notice, for any emergency. 

Bbbbbtoib. An artificially built, dammed, or excavated ^aoe, for holding a 
reserve of water. 

BnuB. To lay open a rich section of a vein by excavating on one side of the 
ore, so that it may be more easily taken out, without waste. 

Brobt. BBTOBiziro. A long iron vessel with a closely lutod door, placed in 
a fire for heating amalgam, so as to drive off the mercury in fumes by an 
outlet pipe into water, for collection by condensation. See Volnme II. 

Bbtctbmb. BsTUBNiNa-GHABais. Money as obtained after reduction, from 
the buyers of ores. For returning charges, see page 395. , 

RioH. Ore in very profitable condition, in any mining property; as struck it 
* rich. 

BiDDXiB. A wooden frame provided with fixed bars of iron placed at proper 
distances, for sifting mortar, &c., when thrown against its sloping surface. 

BiDEB. One who rides, anything that rides, as a rider or movable weight 
upon the beam of a balance. See '* Little Wonder," page 202. 

BiFFLXS. Cross pieces in the bottom of a long sluice for retaining gold. 

BiTLE. A gun with a rifled or very coar^ screw-grooved barrel for twisting 
the bullet in its flight, so as to self-correct any error from the true course. 

BiFUB-STBAP. A strap for swinging the rifle to the person, or saddle, when 
travelling. 

Bill. Bn<L of thb pile. The coarser ore at the outer edge of the pile. 
BiM. The, more or less elevated, margin, of a basin-like rock formation. 

Bip-sAw. A hand saw with slightly pitched coarse teeth, used for cutting 

wood by way of its length. 
Bibb. To break rock over head, or upwards; for a stope, shaft or winze. 
'"—'^B-MiNiNG. Digging for and washing out gold, &c., from the gravel of 
■ers. 
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IU>ASTiBro. Driving away the Tolatile elements of an ore by fire. 

SocE-BBEAXBB. A machine for breaking rock; by crushing between its slowly 
travelling and immensely powerful jaws, &o. See Blake's, in Yolnme II. 

SoGKBB. A long sluice-box for washing away gravel, &o., from gold, by cra- 
dle-like rocking. See ' * Cradle. ' ' 

Hoi>. Main pumping-bod. Flat-bod. Side-bod. By-bod, &g. A means 
for connecting and transmitting power from any engine to the exact place 
where the work has to be done. 

BoiJiiNGh-OBoirND. When the surface is much varied by many small hills and 
valleys. 

Bopx. Large and long twisted cords for hoisting, &o.; as hemp rope, wire 
rope, &c. 

HoTABT-ENGiNB. An engine that effects continuous circular motion of some 
or all of its own parts and those of the machinery driven. Not recipro- 
cating. 

Hqtten-bipb-obe. Ore of a full grown or ripe quality and appearance; so 
that any change, would lessen its value. A good sign for abundance. 

HoTTBN-STONB. Tbipoli. A soft and " rotten " pulverulent stone much used 
for cleaning and polishing metals. 

SuBBLE. Coarse rock. 

BxTiiB. A measure; as a one-foot or two-feet rule. 

BuiiBS. The Cornish Superintendents have either written or printed rules, so 
that miners may not commit themselves, and be fined or discharged. 

Bun. a run of. rock or ground means, that it has given way and run down ; 
as the shaft or mine has run together. Also a run or chute of ore. 

Bush. One of the means used for blasting before the invention of the 
''safety-fuze," by simply filling a common stalk of rush with slow-pow- 
der, and then igniting it like the safety-fuze. See '* Safety-fuze." 

Busty. Stained by iron oxide, or rust. 

BiTT. A small gorge or channel in the ground. ' 

Sage. A canvas bag for holding and shipping ores, &c. 

Saddle. A leather seat for a horseman. Also, a seat or stool for keeping 
rails, &c., in place. See "Mexican Saddle." 

Saddlb-blansbt. Saddle-cloth. A cushion beneath the saddle. 

Saddle-bags. Bags attached to a saddle for travelling convenience. 

Safety-cage. A cage for hoisting and lowering miners, so made that even if 
the rope or chain should break it will not fall. See *' Safety-catch." 

Safety-catch. A double bow or lever catch with an underlying spring, 
which, immediately the rope or chain breaks, will counteract and stop or 
catch the cage, by a lateral jam, and prevent its falling. 

Safety-fuze. A small twisted tarry cord with slow-burning powder in the 
centre; used for igniting powder when blasting rock: first invented and 
patented by a Cornishman named Bickford ; it has been the me^us of 
saving many lives and limbs. Before this, quills, steel needles, and 
rushes were used, in connection with slow-burning matches. 
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Safbtt-taltx. a Talve, loaded by either lever and weight or apring, to a 
■afe preaanre. ao aa to releaae any anrploa ateam. 

Sag. a depreasion of the anmmit'a line of hill or moimtain. 

SAOX-BBU8R A dwarf, bashy tree, with aage-like leaf and very bitter taate ; 
it growa npon the deaerta and aandy flata of the interior. 

Salabt. a high-toned name for w;ige8. The immenae aalariea for city offi- 
dala, often prerent the ancoeea of minea, by thna waating the money that 
ahoold have been need for development. 

Saltino. Frandnlently enriching a aample by better ore. 

Saicplx-takxb. The officer who takea the average aamplea at the mines, for 
the Comiih bayera. 

Samplb-tbtsb. The Cornish name for asaayer. 

Sampliho . Sa^cplxno-dat. a mntnally appointed day for taking the samples. 

Saw. Gboss octt-baw. Bip-saw. HAin>-sAW. Whip ob pit-saw. See the 
different headinga. 

SAwmo-HouBi. Saw- PIT. An especial honse with a long pit, where logs are 
rolled to be cnt into planks or boards, &c., by whip-saw. 

Schist. Sbobt. Oryatalline or metamorphic rocks having slaty strnctore; as 
mica schist, argillaceons schist, Ac. 

ScHisno. ScHiBTOsB. ScHisxous. Metamorphic and crystalline rooks, 
which may be split like slate. 

SooBDnoAXiON. SooBiFiBB. A Bhallow dish for assaying by the method of 
scorification. See page 281 and the left-hand vessel npon the front of 
the fnmace, page 283. 

Sbatdio. The hollow and tmly-faced ring upon which a valve tightly shnts. 

8BQ0in>ABT BOCKS. Bocks situated above the primitive and below the tertiary 
formations. See page 26. 

Sbctilb. Minerals which are sufficiently tough to cut smoothly without 
crumbling, breaking, or scattering before the knife. 

Sbdubntabt bocks. Those formed from mud, &c., as drifted by winds or 
deposited from thick waters. 

Skobbqatbd. Separated from others; and sometimes thus applied even 
should they recrystallize. 

Self-calculation. See pages 202, 272, 291, 319, 422, &c. 

Self-tbedebs. Mechanical appliances for feeding quartz batteries with rook. 
See Second Volume. 

Selvage. An American term, of only occasional occurrence, (and probably 
instituted by some dry goods superintendent,) for the clay seam beside a 
vein. See "Clay," " Clay course," and "Alumina." 

Semi-tbakspabent. Partially or half clear; as when an object can be but 
indistinctly seen through a thin sheet of such a substance. 

Sebfsntine. a hydrous sesqui-silicate of magnesia. The better, or precious 
kinds which polish to, variously colored, smooth and enduring surfaces, 
•vte much used for ornamental purposes. There is an extensive manu- 
ture of such articles at the town of Penzance, Cornwall. 
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SsssATBD. Of saw-tooth-like irregular contour; as some portions of the 
Sierra Nevada's summit are deeply serrated, 

Sbsqui. One and a half; as in the hydrous sesqui-silicate of magnesia, just 
described, where one and a half of silicic acid united with one of the 

other. See ** Serpentine.*' 

Ssrr-HAMMBB. The flat-faced hammer held upon hot iron by a blacksmith 
when shaping or smoothing a surface, by aid of his striker's sledge,. 

Set-bobbw. a screw, moving in or through one flrmly fixed piece, so as to 
adjust or secure another piece, in any desired position. 

Settt. Set. The Cornish name for the surface area of property as granted 
for mining purposes. To let or set contracts, &c. 

SsmNO-DAT. The appointed day for letting contracts. 

SaATT. A vertical or diagonal hole for the working-way of a mine. 

Shatthsquabe. See Phillips's for irregtllar or round timber; in Volume II. 

Shavt-sobew. a large and powerful screw for especial use in shafts when 
lifting or lowering heavy pumps, &o. Its power-nut is laid on a washer 
across bearers, so that a chain may pass from the eye or bow, at the lower 
end of the screw, to the object beneath. 

Shao. Enoine-shag. Bal-shao. See "Baize." 

Shaeeno-table. a table that is rapidly shaken by short motions during its 
water concentrations of ores. See Volume II. 

Shaub. a fine-grained rock with slate-like structure. 

Sheabs. a large scissors for cutting sheet metals. 

Shbd. a roof, having but one sloped surface. 

Shekbs. The Cornish name for a high two-legged stand or hoisting derrick 
over a pumping shaft. 

SHiiiLiNO. The twentieth of an English pound sterling. Symbol, s. See 
"Pound." (£. s. d.) 

Shoad-btones. Stray stones from the surface croppings of a vein or deposit 
of mineral, which frequently direct an experienced man to valuable mines. 

Shoot. Shute. Chute. The roTigre of mineral in a vein. See "Chute." 

Shop. A house where 'tradesmen work, &c. 

Shobe. a studdle; an artificially placed supporting column; a thrusting stay. 

Shot. Blast. The explosion, blast, or shot of the confined powder when 
excavating rock; as that blast boomed so much that it must have been 
greatly overcharged with powder. 

Siebba. Spanish for a serrated mountain. 

Sieve. A short cylinder with a fine, wire-gauze, bottom; used for sifting ores. 
Sifted. When passed through a more or less fine sieve. 
SnjciuM. The metallic base of quartz or silica; Symbol, Si. Atomic 
weight, 15. 
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Sills. Two strong shaft besrers fixed across engine shafts, and beside pnmp-* 
ing rods, for the catoh pieces to strike npon when at the limit of the ont- 
door's stroke. Also, for trigging the rod. See Shaft Work in Yolnme II . 

SiLYSB. The whitest of metals. Symbol, Ag. Atomic weight, 108. See 
page 250. 

Sanio. Assorting by hand, sifting, or water treatment; for grades of size. 

Skip. The Cornish name for a long and smallish wagon nsed for hoisting 
rook from mines, it has uther wheels or guiding blocks which work on 
connecting mnners of iron or wood, extending the whole depth of the 
shaft. See illnstrations of such in Yolome n. 

SiiAO. Slaooiro out, &c. The melted gangne from the furnace smelting 
and assaying of ores. Oleaning the fomaoe of slag. 

Slbdob. a heayy double-handed hammer. 

Slugh. Slid. A Tehiole without wheels, and haying doable keel-runners 
instead; it is used for traTelling or transferringjores, when the ground is 
coTered with snow. 

Sliokxn-blidb. a slippery, corrugated face, in bed-rock or beside a vein, and 
sometimes within the yein itself, as if a sliding had produced this stria- 
tic ii. See italics, page 148. 

Sldcs. Sloogi. Sludob. Slush. Pulp. The fine wet mud from a mill 
or drill hole, &o. 

Slow-fuzi. Slow-katoh. a fuze, match, or torch; so especially made as 
to bum its powder or other combustible very slowly. 

Slugs. Half-roasted ore. 

Smoothing plane. A small and short plane; used by carpenters for smooth- 
ing, or finishing their wood work. 

Snow-bhobs. Peculiar skates of much increased area, secured beneath the 
ordinary shoes, for trayelling on snow. See page 125. 

SoAP-STONB. A yery soft and slippery steatitic fire-resisting stone. 

SoAPY-OLAT. See * * Pipe-day. * * 

SoD. The sarfadb coyering of earth. 

Sodium. A metal of difficult redaction, and so yery light and free to oxidize 
that it floats upon the surface of water, and immediately oxidizes into 
soda. Symbol, Na. Atomic weight, 23. See page 252. 

SoLLAB. A wooden platform across a shaft or other working; as it is adyisa- 
ble to soUar over any idle shaft or winze so as to ensure safety. Some- 
times used beneath the surface for working conyenience and safety. 

Soot. Sooty. The carbonaceous black powder from imperfect combustion; 
hence a mineral may have a sooty or soot-like feel, tarnish, and appear- 
nce. 
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SouRBiNO. An alarm or call amongst Comiah miners. When used at the 
sorface, as within the first set of timbers of the shaft, it simply calls for 
an answer from the men who may be at work in or near to the shaft. 
If nsed in any part of the nndergroond workings, it demands the 
serious attention of all within hearing, becaose the sounder may be in 
danger, or in great want of assistance. It may be compared to the beat 
of a dram, but it is performed by striking a hammer or sledge, ni>on the 
rock or a piece of timber, to the following notes: 




SPAiii. Cornish, for a public fine when workmen break rules, Ac. 

Spai.1.. To break large rocks with a sledge or cobbing hammer to suitable 
sizes for hand assortment. 

Spah. To fetter or tie the side legs of a horse together to prevent straying 
or trespassing. 

Spakzsh-bit. a horse's month bit with an additional curbing IcTer to nip the 
tongne. 

8pAHiBH-wiin>i«Ass. A looped or double rope attached to two objects and then 
twisted by a cross-bar through the middle, which creates a power by 
shortening as it is tightly twisted. 

Spakneb. a wrench for tightening screws. (Cornish.) 

Spab. a name for some white quarts-like stones; as quartz-spar, feldspar, 
calo-spar, heayy-spar, fluor-spar, &c. 

Bpathosb. Spaxhous. Spabbt. Of spar-like appearance; as spathose iron 
ore, &c. 

SPEdno-GBATiTT. ComparatiTC d^^ree of weight; as ascertained by first 
weighing in air, then in water, and dividing the first real weight by the 
difference. See page 213. 

Spbouiab. Sometimes applied to minerals which present smooth and bright 
reflecting surfaces to distinguish them from others, of the same metal, 
which do not. 

Spsll. Spub. Pass. Awhile. Short turn, or tiring round, at the work. 

Spslteb. a yellow, gold-like, fusible alloy, used for brazing or joining metals 
together. 

Spkw. a slight outpouring or evolution of minerals, caused by water or 
heat; as it is only a surface spew. 

Spillino. Driving or sinking through soft and difficult ground, where pe- 
culiar lath timbers must be driven in advance beyond the regular sets. 

SPXBiT-iiEVEL. A truly shaped glass tube, so nearly filled with spirits of wine 
that a bubble of air shall move along the top, to centre and show when 
the instrument is level. 

Spibtt-minebs. See ' ' Nuggies. ' ' 
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SvoKB. A radial bar of a wheel, fixed in and extending from hab to rim. 

Spub. An oif-settiiig pointed branch from a deposit, lode, or monntain. 
Angles, dips and spore of a yein are claimablew 

Spub-whul. a oomparatirely email driving wheel. 

Spub — MsxiOAH. A horse spur for the boot heel, differing from the common 
spnr by having a mnoh laxger,'isharp-pointed, spar wheeL 

8tacx« a high chimney. To stack ore or oord-trood into piles. 

STinr. A coloring of matrix or bed-rock, by minerals; as the stains of car- 
bonate of copper, oxide of iron, &c. 

8tai«aotitbs. Mineral fonnations of inyerted-cones or icicle shapes, seen 
hanging from the roofs of caTems. 

STALAaiam, Opposed to stalactites, by forming other daalistic cones with 
points npwazds, from the dropping of mineral waters upon the bottoms 
of oayems. 

Staicpbdb. The hasty, heedless mshing of animals or men nnder sndden 
fright or nndne excitement. 

Stamps. The Oomish name for a battery of pestles. 

Stamdabd. The mint standard Talaes of gold and silyer thonsandths' fine, 
as nsed for coinage. The standard for copper buyers. See page 395. 

Staplx. a U*Bhaped band with screwed ends for tightening two or more 
pieces together by staple and gland. Also, to drive into wood as a 
U-shaped, donble-pointed nail. 

Stabte. When a pomp is choked at the "Brass-holes" it is said to be 
starved. ^ 

Station. A plat or convenient resting place, in a shaft or level. 

Stavx. a ladder step, &c. 

Stay. A side tie or attachment. 

Stbam-oapstan. a steam power winch for hoisting and loyrering heavy 
weights in engine shafts, &o. See Second Volume. 

Steam-gauge. An apparatus for showing the pressure of steam in a steam 
boiler. An inverted syphon pipe with mercury and a stick oi wood 
floating up and down a scale, is a simple and good indicator of pressure. 

Steam- WHISTLE. A whistle for the workmen when coming to and leaving 
work, or for signalling danger, &o. 

Steel-needle. One of the instraments used for blasting before the inven- 
tion of the safety-fuze. 

Stellated. Crystallizing in forms like the rays, of light from a star. 

Stem. A day's work. (Cornish.) 

Stick. A whole piece of timber, as it grew. 

Stoping. Excavating the vein, either above or below a level, and endwise 
from a winze. 

SlroKwiionsES. Where the requisite materials are kept. 
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Stbapping-plate. Strong iron plates for connecting wooden pump-rods by 
transverse bolts and nuts* 

Sthatum. Strata. The stratified rock formations. Also applied to all rocks. 

Stbbak. The color of a stone of mineral when scratched; as it streaks or 
scratches red, &0. 

Stbeeee. a peculiarly penetrating, loud-sounding, and readily understood, 
Cornish word; for lower, away. 

Stbiated. Marked with parallel grooves or fine channels. 

Stbiee. Fiin>. To discover or cut profitable quantities of metal or mineral. 

Studdls. Shobe. a stiff piece of timber used as a support from beneath. 

Stitbt. (Cornish.) Probably from start. To open out richer ground than 
the contract or tribute equalled, and thus make an excess of wages, 
during the term. 

Subsidence. A settling of rock or country. In my theory for mountains, 
the valleys or plains and ocean beds have, by settling faster than the 
mountains, made them appear as if elevated. See Chapters I, II and III. 

Subsist. An advance from the owner to the Cornish miner as food money, 
when he has been unfortunate in his contract. 

SuB-STBATUM. Underlying rook formation. 

Subtebbanean. Beneath the surface, and within the rock itself. 

SucnoN-PUMF. Not forcing but drawing, and getting its water by following a 
vacuum. 

SuDADEBOS. A wide leather strap down the stirrup-belt, to protect the leg 
from being too severely rubbed. 

Sulphate. Sulphuric-acid with a base, &c. 

SuLPmDE. Sulphur with a metal. See Sulphuret. 

Sulphite. Sulphurous-acid with a base, &c. 

SuLPHUB. A yellow inflammable element. Symbol, S. Atomic weight, 16. 
See page 252. 

SuLPHUBET. Sulphur united with a metal. Applied to natural mineral for- 
mations. Sulphide is applied to chemical and metallurgical compounds. 

SuLPHXTBET OF Ibon. The "Mundic" of the Cornish miners, where it is 
much mixed with other minerals in the shallow sections of lodes. 

SuLPHUBiG-ACiD. Sulphur 1 atom, oxygen 3 atoms. Symbol, S O', which 
will equal the atomic weight of 40. H^drated sulphuric acid or H O, 
S 0», or H, S O* will be 49. 

SuLPHUBous-AoiD. Sulphur 1, oxygen 2. Symbol, S O^. Atomic weight, 32. 

Sump. The deepest part of a mine to which the water drains. 

SuPEB-iMPosED. Laid upon another formation. 

SuPEBNATANT. Floating upon the surface of water; as metallic sodium, po- 
tassium, and the oils are supernatant. 

SuBOHABOED. Charged to its full capacity. 
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SuBVAOB-DSPonxs. Those that are expoeed and which can be mined from ihe 
soifaoe. 

SwAS-BiXGE. A small stick with a battered, brosh-lilce, ehd; for taking tlie 
water out of blasting holes. 

SwAOB. BoTioK BwAOB. Top SwAOB. fihoos and dies* of suitable forma 
for foiging iron to certain shapes, when held in the bottom swage, and 
the top swage is stmck down thereon with a sledge-hammer. 

8wnio-OEAMB. A winch with a rertioal axle and horizontal gallows-like ont- 
mnner or jib, for swinging the load to any point within its radios of area 
described. 

SwiNO-FUMP. A shaft pump swong clear of the bottom and only fixed on 
bearers or hong under a shaft screw or pair of power-blocks for lower- 
ing at conyenience, when sinking, &o. 

SwrroH. A moyable rail for turning cars, &c., from one track or pair of rails 
to another. 

SwoBD-BOD. An iron rod terminating with a thin perforated plate, for con- 
nection with a wood rod, by insertion and cross bolts. 

Syicbol. An abbreviation or short expression; as H for hydrogen. 

Syphon. See "Syphon-pipe." 

Stpbon-pxpx. a crooked or inverted ^ shaped pipe for drawing off water, 
Ac, by continuous suotional action and discharge. 

Tabui^ab. Flat surfaced and thin mineral crystals. Plane laminations. 

Tacklk. a long-barreled, double or single handled, hand windlass; placed 
across a shaft or winze, for hoisting rock, &c. 

Tao. a distinguishing label or mark, attached to sack or box for direction, 
guidance, &c. 

Tail-boabd. a movable board at the last end of a wagon or other working 
appliance. 

Tailinos. What passes away from reduction works after any systematic 
treatment. 

Taiii-bacb. The quick travelling water from any power, as it leaves after 
its work has been performed. 

Takb-notb. See ** License." 

TaiiO. See page 253. 

Talcose-slate. See Slate and Talc; also, page 252 and Chapters YII, VIII 
and IX of Section I. t 

Tally. To make agree; as in counting sacks of ore, &o,, when the tenth 
passes, one counter cries tally with a loud voice, so that others may check 
an error. 

Tamping. What is rammed into blasting holes above the charge of powder, 
to confine it down for more effectually rending the rock. It must be 
some small dirt which is free from silica or any other rock that will strike 
fire before the tamping bar. 
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7jk3CFtNO-BAB. To ensore safety, the tamping-bar for ramming in the dirt 
above the powder shoald not be of iron or steel, but copper or some 
metal that will not strike fire with quartz, &c. 

1?A.ip. A tarn-cock, which may be stopped or opened at pleasure. 

Tajpadebob. The leathers in front of the stirrup for protecting the toes when 
riding throughrbrush-wood, &o. 

1?AJPBB-TAP. Flttg-tap. A stccl scrcw, suitably grooved and sharpened for 
catting out the internal screws in bolt nuts. 

Xask. a certain amount of work given by the *' Boss " f or a day 'a work. 

17az. a levy upon property. Assessors should be slow is taxing mines 
which are making assessments, because such losses benefit others. 

XsAM. Horses and wagon. ^ 

TsAM-WHip. Blace-snaxe. A heavy leather whip of blacksnake-like form 
and appearance. A .cruel caution to horves. • 

T'siiXiUBiDB. Tellurium and a base. 

TsMPEBiNG. Warming steel tools to certain suitable heats and dipping them 
i^to cold water, so as to harden the sharp edges. 

Teiideb-feet. The name given to eastern men by Colorado Indians, to dis- 
tinguish them from men of California and the Pacific States, as they dis- 
like, those they also call, Washington Americans, &c. 

Tent. A portable canvas house, sometimes used when " camping out.'* 

Tent-hook. A hook for securing the tent to the ground, &c. 

Tepid. Slightly warm; as tepid mineral depositing waters. See my theory, 
for the formation of minerals, page 115. 

Teb. Third or three of; as Tertiary formation, terchloride of, &c. 

Tebtiaby-fobmation. Third formation of rocks; when the highest class of 
vertebrate animals, or mammals first appeared. 

Testeb. See page 162. 

Test-lead. Granulated lead, made by shaking molten lead in a wood box 
until cold. It should be of the size of grains of sand and almost, it not 
quite free, from silver. Used in scorifying gold and silver, and in test- 
ing, by cupellation, for thousandths fine. See page 286. 

Test-papebs. Prepared bulbous papers for testing; as those of color for 
acids and alkalies, &o. See also Foot note, page 205. 

Test-silveb. Pure silver in thin sheets; used for adding to cupelled assay 
buttons of bullion, so that the ratio of ^ver may be sufficient for the 
effectual parting of the Au. and Ag. by nitric acid. 

Test-tubes. Very thin glass tubes either open at one end for wet tests, or 
both ends as required for fire testings. See page 185. 

Tbtheb. See ** Picket rope." 

Theodolite. A small circular box with glass cover, wherein a magnetic nee- 
dle swings on a sharp pivot. It is provided with horizontal and vertical 
sights and degrees so that all possible angles may be measured, when 
surveying mines, &c. 
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TioooTiKo. English periodical markets for the sale of ores. See page 395. 

TiMBSB-HiTCH. When the end of a rope is first passed around one or more 
boards of. timber and then so twisted that the end loop shall* encircle and 
slip the leadilkg rope, whilst the twisted part securely jams itself upon 
one or more pieoes of the lumber, and thus prevent their slipping. 

Tin. a white metal. Symbol, 6n. Atomic weight, 59. Bee page 255. 

Tm-DBisaiNO nuja. An oblong square frame of slight declivity, having cen- 
tral end trunnions for occasional tipping, as the concentrated ore aocn- 
mulates. 

ToxxK. A mutually understood mark or sign placed upon a kibble, bncket or 
skip of ore, when it is hoisted from, or lowered into a shaft, to acquaint 
the " Lander " or " Filler " of some important matter or change of work. 

Toi«L. ToLL-OATB. A sad barrier to the traveller who has no money to pay 
his way. , 

Ton. The American ton, is 2,000 lbs. ; for the English tons, see page S03. 

TouoHNBss. Those minerals of difficult fracture. Not brittle. 

Tow. Short and useless coarse hemp used for wiping, &c. ^ 

Tbazl. Tbagk. a narrow path mark; as that of Indians or wild animals. 

Tbam-way. a small and roughly constructed iron track for horse "tram- 
wagons " or cars. 

Tbanslucsmt. Partially transparent. 

Tbamsome. a heavy wooden bed or supporting piece. 

TBA1IBP1.BBNT. That whioh will not interrupt the sight; as glass. 

Tbap. a highly feldspathic, igneous rock. 

Tbavkllkb-pullst. Tbavelleb-oabbiaqb. Tbavxlleb-ouidx. Tbavsxxeb- 
WHBELS. Appliances for carrying any rod or weight forward and back- 
ward, or up and down, by reciprocating motions. 

Tbay. PiGKiNa-TBAT. Washino-tbat, &o. A Small and convenient box for 
any purpose, as that for washing ores, &c. 

Tbeadlx. a foot-board and lever for working small power-machines by the 
foot. 

Tbbk-nail. a wooden nail for securing planks or beams together; as the 
timbers of a ship. 

Tbemd. To range or lie in any particular direction; as the mountains of 

Nevada State mostly trend north and south. 
Tbxstlb. Tbbstlx-wobe. Any structure which is supported by, or mostly 

formed of, a net-work of timbers; as that of a railway or viaduct over a 
, valley when supported by vertical sticks properly secured and stayed by 

horizontal runners and diagonal bars or studdles. 
TBreuTE. A Cornish mode of contract, where miners take at, say six shillings, 

out of every pound's worth of mineral raised and sold. 
Tbio. To block or stop a wheel or any machinery; as to stop a Cornish 

pumping engine upstroke or ** indoors," by placing a substantial trig of 

wood upon the *' sills " and under the side catch pieces that are always 

attached to the rod, by strong " staples and glands." See ** Sills." 
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TBHiABiTB. An extinct shell-fish belonging to the Paleozoic era. 

Tbompe. a French water-blast, in which water falls through a pipe upon a 
flat plate and scatters into a wooden box, so as to carry air before the 
spray to outlet pipes for each. Used for ventilation, and forge fires. 

Tbouqh. a small tank for holding water, &o. ; as a bla<^ksmith's trough, a 
drinking trough for horses, &o. 

Tbowel. a small one-handed shovel nsed by masons, plasterers, and iron 
founders for smoothing mortar, plaster, casting-sand, moulds, &c. 

Tboy-weight. The system of weights by which gold, silver, and jewels are 
weighed. 480 grs.= l oz.; 12 oz. = 1 lb.; 4 gr. =: 1 carat. 24 carats 
fine= pure gold. 

Tbyxno-plane. a long plane, used by carpenters for making straight work. 

TiTB. A half barrel used for various washing purposes, &c. 

TiTBEBcniiAB. Having small knobs or tubercles. 

TttbuiaAB. Hollow and. cylindrical; like a sugar cane or pipe stem. 

Tufa. A soft porous stone formed by water and Ume, volcanic scoria, &o. 

Tun. a liquid measure of 2 pipes^ or 4 hogsheads, or 252 gallons. 

TuBBiNE. A quick- travelling water-wheel, impelled by a pressure of water 
upon curved blades. See Volume II. 

TxjTWOBK. Breaking ground, at per foot or fathom, &c. See "Tribute." 

TwYEBE. TwiEB. TwEEB. The portion of the blast pipe that enters the 
furnace. Sometimes also applied to the iron shell around the blast hole. 

Tte. The Cornish name for a kind of ground sluice. 

Tybe. The iron binding of a wagon wheel, &c. 

XJiiiGiNOUs. Slimy. Muddy. 

Unctuous. Soft, soapy, and grease-like. 

IJNDEBaBOUND. Beneath the surface; down in a mine. 

Upcast. A shaft through which air rises ,is called an upcast shaft. 

Upheaved. When a seam or lode has been broken and one part shifted upward. 

Uppeb-hole. a hole drilled in the upper part or back of a level. 

Uplipt. Upraise. To force upward. 

Valuation of Bullion and Obes. At thousandth's fine and per ton. See 
pages 270, 272, 298, &c. 

VA.LVE. A metallic clack, opening for passage, and shutting water-tight. 

Vaporization. The changing solids and liquids into gaseous conditions. 

Vabifobm. Having various forms. 

Vat. a large wooden barrel sided tub, as used for chemical treatments, &c. 
Also, a stone or plastered tank over a furnace, for drying ores. 

Vault, A large, artificial or natural, underground chamber. 

V-BOB. Fend-off-bob. Pull-back, A two-limbed bell-crank, secured with 
bridles for connecting with and turning pumping rods, &c., over and be- 
yond angles in shafts. When this is done by a swing-rod or chain from 
the opposite side of a shaft it is called a Pull-back. 
30 
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Vboktatk. To orystalUse, ezade, or, in a maoner, grow. 

Vmr. LoDi. Lidos. Rkkf. A iissare of the rock filled with some matrix 
and more or less mineral. See Lead and Ledge and foot-note at page 97. 

VsiHoua. Book or matter from the yein, and not ** Bed-rock "or * * Country. ' ' 

VKxrnzATiON. Giroalation of air through workingn, shafts and levels. 

Vkntilatob. Some machine or suitable pipe, shaft, level, air sollar, or fixe 
draught for producing a current of air or ventilation. 

VsBiaBB-BOAiiB. One scale moVDg upon another of different graduation for 
the df'ser reading of iotermediate distances, of sight lines over degrees. 

Tksioulab. Full of cavities. Hollow. 

ViBBBL. Applied to pitchers, bowls, cups, &o., of all sizes and shapes. 

Vkst-pogket-blow-pipb. See Phillips's, page 212. 

Vial. A small bottle with an aperture to receive a cork. 

Viob. Bbnoh-vioi. Hamd-viob. Two strong iron jaws so hinged that they 
may be opened and closed by a powerful screw and lever, for gripping 
work during manufacture, &o. The hand-vise is held in the- hand, and 
the l)ench-vi8e is firmly screwed to the bench. 

Visual. Relating to the sight; as visual discrimination of minerals. 

ViTBBovs. Olasslike; as the slags are sufficiently vitreous for good results. 

VoLATiLiZB. To disperse solids or fluids into vapors or gases, by fire, &c. 

VgoB. The Oomish name for a cavity or vault in bed-rock or vein ; as a vughy 
lode is a good indication for free passage of water and mineral. 

Wacxb. a soft and earthy black, brown, or greenish gray basaltic rook. 

Wa]>. Wadd. Hydrated oxide of manganese with various accidentals; as 

oxide of iron, alumina, lime, silica, and baryta. 
Waoon. Tbam-waoon. Cab. A wheeled vehicle for carrying ore, &c. . 
Wabtt. Of a pimpled or wart-like appearance. 
Washbb. a flat disk with a round hole in the centre, used around bolts, to 

receive the tightening strain from screw-nuts. 

Wastb. Worthless castaway rock, &c. 

Wabtb-gatb. a hinged or sliding door for regulation of surplus water, • 
Wastb-wbib. An especially arranged embankment over or through which the 
water passes by way of waste-gates. 

Watch. Shipt. Cobb (Cornish). The time of labor. The miners of Corn- 
wall work by either 6 or 8 hours' shifts, commencing at 6 in the motning 
and running through the 24 hours; as first core by day or last core by 
day, first core by night, &c. 

Watchmen. Those who watch machinery, &c., on Sundays, &c. 

Watbb. The product of combustion of oxygen and hydrogen gases. See 
pages 26, 27, 28, 29, 30, 31, and 32, for its many characteristics. 

Watbb- BBLLOws. An inverted air tank working over and in a cistern of water ; 
and connected with suitable inlet and outlet pipes and valves. See Vol. II. 



metallurgists' companion, 467 

WATSB-coNSTrnmoNAii. When chemically combined, as an elemental por- 
tion, of any snbstance. See Water, at page 256. 

WatsbtGoubse. Wateb-wat. An artificial channel for passage of water. 

Watbb-oatb. See * * Waste-gate . ' ' 

Watbb-oauob. a tap or float for showing the height of water in boilers, &o, 

Watbb-uetbjc. a self-acting measure. 

Wateb, Minebs' Inch of. An orifice of one inch square under a head of six 
inches of pressure. Begulated by a sliding gate to any desired quantity. 

Watkb-poweb. Machinery driven by impact pressure, or weight of water. 

Wateb-pbiyileoe. Wateb-bioht. a right to have a certain quantity of 
water from any canal, ditch, or water-course. 

Wateb-weight. The quantity of water in any ore or substance. Ascertained 
by drying say 100 grains at 212® and then noting loss of weight. 

Watbb-whebl. Oyebshot. Umdkbshot. a power wheel with buckets. 

Waxt. Of wax-like softness. 

Wbab. a dam for water. 

Wedge. A. piece, tapering to a point, for tightening, lifting, &c. 

Wbe. The Scotch word for little. See Phillips's **Wee Pet" assaying 
machine, pages 171, 172, 307, 326, &o. 

Weigh. - Weighing. See page 298, &c. 

Wbioh-bbidgb. a heavy weigher with a table forming a part of the street or 
road, so that loaded wagons and carts may be driven thereon and the 
weight of the material known by subtraction of the vehicle's weight. 

Whbtstone. a granular quartzose stone used for sharpening edge-tools; as 
knives, reap-hooks, &c. 

Whiffle-tbee. WHiPPiiE-TBEE. The front cross-bar of a carriage to which 
the drawing ropes, leathers, chains or traces, are attached to the horses. 

Whim. See page 151. 

Whipsidaby. Single and double. See page 150. 

Whip-saw. Pit-saw. A long coarse-toothed ^aw with a fixed cross-handle at 
ibe top end, and a movable clutch boxed cross handle at the bottom or 
point, so that two men may work it for cutting logs, &c., lengthwise. 

Whistle. Whistling. Cornish miners have a superstitious objection to 
whistling underground. In fact, they never do it, and will immediately 
stop strangers who may unconsciously start into such unbecoming hilar- 
ity, during the working hours of this dangerous business. 

White-tin. The trade, or commercial, name for metallic tin. The concentra- 
ted ore of which, or oxide of tin, being called " Black tin." See page 402. 

Will-o'-the-wisp. Jace-a-lantbbn. Ignis-fatuous. An uncertain and flit- 
ting, or intermittent and pale, phosphorescent light; supposed to be caused 
by the rapid decomposition of plants in moist or marshy positions. Many 
stories have also been related of its appearances over rich mineral lodes, 
even before they were known to exist, and of course such were considered 
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faTorable eTidenoes for Talae, but if so it muBt have been from moist de- 
oomposition, therefore had nothing to do with mineral value, and only 
▼ery few have seen them. Not yet noticed over 17. S. veins. 

Winch. A strong power machine for hoisting heavy weights, &c., in which 
the power is obtained by a proportionate lessening of speed by tooth 
wheels, Ac, in connection with ropes upon a barrel, &o. 

Wiin>-BOBi. The bottom pipe of any system of water pumps, which h&^ 
suitable *' Brass-holes " or perforations for suction of water or air. 

WnrDitias. A long parallel wooden barrel for rope or chain, with a hook han-^ 
die at one or both ends, for increasing hoisting power by hand labor. ^ 

WiN]>-MiLL. A horizontal axle with vertical divergent arms and sails for ob-/ 
taining power from the wind in elevated sites. ' 

WmD-up. Hoist awat. The practical order for raising anything to a higher 
position. Opposite to *' Streeke," which see. 

WiMO<]>AJC. A dam for water of a wing shape; as used for the temporary 
division of a river in the direction of its course; when extracting gold 
from the comparatively dry side. 

WiNZB. A shaft that does not start from the surface, but only extends from , 
one level to, one or more, deeper levels. 

• 

WiBS-BOPS. Metallic wires twisted like hemp.yarn8 into rope; used for stays, 
hoisting, &o. See Table of Comparative Strengths, in Volume II. 

WoLTBAM. Tungstate'of iron. See Tin, &c., in Alphabetical Chapter. 

WoBKiNO-BABBXi.. The truly bored long cylinder of a suction pump in which 
the bucket and its valve travels up a'nd down when pumping water. See 
Bucket valve, and Volume II. 

WoBEiNos. The various underground holes or excavations of a mine; as the 
** old mens* ** or ancient miners* workings, are often found in Cornwall. 

Wbenoh. a tumscrew, or pipe-twister. 

Wbouoht-ibon. Mallsable-ibon. The tough iron that blacksmith's work 
into shape when hot; by hammering, welding, &o. Not cast iron. 

YiBLD. The quantity obtained, of the valuable mineral or metal sought. 

Yoke. The neck collar as used for draught. Also so many yoke of oxen. 

YoKBS. A pair of iron clamps of a semi-circular shape, with a cross screw 
and nut at each end for tightening them around heavy pipes, &c., for 
attaching the ropes when hoisting or lowering into position, by power. 

ZiNO. A gray metal. Symbol, Zn. Atomic weight, 32. See page 256. 

ZiNO PBOGB88. Scc Parkc's Zinc process for desilverizing lead, in Volume II. 

ZiBooNiUM. A rare metal. Symbol, Zr. Atomic weight, 22.5. See page 249. 

ZoNB. A comparatively long and narrow area of mineral ground or rock for- 
mation. Sometimes called belt.* 



•o These technical expressions, have covered many more pages than I anticipated, but 
they are really necessary for the, unposted, reader's reference, and if any important words 
have been omitted in this hurried compilation, they shall be inserted in future editions. 



